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DYNGEN - A PROGRAM FOR CALCULATING STEADY-STATE AND TRANSIENT

PERFORMANCE OF TURBOJET AND TURBOFAN ENGINES

by James F. Sellersand CarlJ. Daniele

LewisResearch Center

SUMMARY

This report describes DYNGEN, a digital computer program for analyzing the

steady-state and transient performance of turbojet and turbofan engines. DYNGEN is

based on earlier computer codes (SMOTE, GENENG, and GENENG II) which are capable

of calculating the steady-state performance of turbojet and turbofan engines at design

and off-design operating conditions. DYNGEN has the combined capabilities of GENENG

and GENENG II for calculating steady-state performance; to these have been added the

further capability for calculating transient performance. DYNGEN can be used to ana-

lyze one- and two-spool turbojet engines or two- and three-spool turbofan engines with-

out modification to the basic program. The user needs only to supply appropriate com-

ponent performance maps and certain design-point information.

DYNGEN uses a modified Euler method to solve the differentialequations which

model the dynamics of the engine. This modified Euler method is significantlydifferent

from the numerical integration methods which have typicallybeen used in all-digital

transient engine simulations. The major advantage of this new method is that itfrees

the programmer from having to minimize the number of equations which require itera-

tire solution. As a result, some of the approximations normally used in transient en-

gine simulations can be eliminated. This tends to produce better agreement when an-

swers are compared with those from purely steady-state simulations. The modified

Euler method also permits the user to specify large time steps (about 0. i0 sec) to be

used in the solution of the differentialequations. This saves computer execution time

when long transients are run. However, convergence problems are sometimes encoun-

tered with DYNGEN when small time steps (less than 1 msec) are used. A further dis-

cussion of the advantages and disadvantages of the modified Euler method is included in

this report.

The intentof this report is to describe DYNGEN to make ituseful for other re-

searchers. A complete FORTRAN program listingis included in an appendix. Exam-

ples of the use of the program are included in the report, and program results are com-

pared with those from an existing hybrid-computer simulation of a two-spool turbofan.



INTRODUCTION

Computer programs which predict the performance of theoretical turbojet and

turbofan engines have long been recognized as valuable tools for preliminary and detail

design work. Digital computer codes such as SMOTE (refs. 1 and 2), GENENG (ref. 3),

and GENENG II (ref. 4) now enable the user to analyze the steady-state performance of

a wide variety of engines simply by providing component performance maps and other

pertinent .data; the task of writing a new computer program for each engine configura-

tion is largely eliminated.

GENENG and GENENG II (herein referred to simply as "GENENG") are only capa-

ble of calculating steady-state engine perforr_nce. However, the need to predict the

transient performance of turbojet and turbofan engines is becoming more important in

preliminary design. Thrust response requirements are becoming more stringent, es-

pecially for V/STOL aircraft, and the need to meet transient performance criteria can

have a significant effect on overall engine design. As engines grow more complex,

their control systems assume a greater importance, and this importance further implies

the need for good transient performance prediction during preliminary design.

Digital, analog, and hybrid computer methods are available for use in generalized

computer codes for transient engine analysis. Each approach has its merits, and no

consensus exists as to wMch is the best method. The major advantage of analog and

hybrid methods is the use of electronic amplifiers for integrating the differential equa-

tions which model the dynamics of the engine. Digital engine simulations have, in the

past, used time-consuming numerical integration techniques, which can result in pro-

hibitively long execution times. A disadvantage which digital, analog, and hybrid simu-

lations have traditionally shared is the need to minimize the number of equations which

require iterative solution. Such equations are to be avoided, either because an analog

computer cannot easily solve them or because they take too long to solve in connection

with a digital integration algorithm which may require thousands of passes through the

engine modeling equations. Transient engine simulations usually resort to assumptions

and approximations in an effort to avoid iterative solution procedures. As a result,

their steady-state solutions tend to disagree with the solutions produced by purely

steady-state programs, such as GENENG, which are written without any prohibition on

iterative solution methods.

Despite the difficulties just mentioned, progress has been made in developing tran-

sient simulations which, like GENENG, can handle many engine configurations without

changing the basic computer program. The HYDES program for hybrid computers

(ref. 5) has proven to be a flexible tool for preliminary control studies on a wide variety

of engine types. HYDES uses electronic amplifiers for integration and digital subrou-

tines for most of the function generation and algebraic computations.



This report describes a digital computer program, DYNGEN, which enables the

user to analyze the transient performance of many engine configurations and which also

eliminates some of the problems frequently connected with all-digital transient simula-

tions. DYNGEN solves the system of differential equations by a method substantially

different from the forward-difference integration techniques frequently used in digital

engine simulations. The new method used by DYNGEN is similar to the well-known

Euler method of solving differential equations and will be called the "modified Euler

method. " It gives the analyst great freedom in selecting the equations needed to de-

scribe the system and eliminates the discrepancies which often occur between answers

generated by transient and steady-state simulations. In fact, DYNGEN is a direct

modification of GENENG and, although the capability to perform transient calculations

has been added, none of the steady-state capabilities of GENENG have been sacrificed.

Without modification to the basic program, DYNGEN can be used to analyze one- and

two-spool turbojets and two- and three-spool turbofans. Possible engine configurations

are described in the next section of this report. Another section describes the modified

Euler method of solving the system of differential equations and clarifies its advantages

and disadvantages. Appendix A discusses the modified Euler method from a numerical

analysis viewpoint.

The program is written in FORTRAN IV and can be used without modification on any

IBM 7094 Model 2 computer. With modifications, the program can be used on all com-

puters that have a FORTRAN compiler.

The iteration and integration techniques used in DYNGEN are described in appen-

dix A. A complete program listing, flow chart, subroutine descriptions, and an exam-

ple ease are shown in appendix B. Appendix C explains methods of control system

simulation, and appendix D provides debugging hints. For users who are already famil-

iar with GENENG or GENENG II, appendix E enumerates the differences between

DYNGEN and those programs. All symbols are defined in appendix F.

ENGINE TYPES

Before describing the analytical techniques used in DYNGEN, a brief discussion of

engine types will be given to inform potential users of their options for analyzing differ-

ent engine configurations. Since DYNGEN is derived from GENENG, the user is re-

ferred to references 3 and 4 for a more detailed discussion of this subject. Figures

1 to 11 show some of the engine types that can be analyzed. The three-spool, three-

stream turbofan (type a, fig. 1) is the most complicated configuration; all other types

are derived from it by changes to the calculation procedure inside the program. Input

requirements for the various configurations are discussed in the section PROGRAM

INPUTS. The one-spool turbojet (type k, fig. 11) is the simplest engine that can be



analyzed. In betweenconfigurations a and k are found such enginesas the three-
spool, two-stream turbofan (type d, fig. 4); the two-spool, two-stream turbofan (type e,
fig. 5); and the two-spool, two-stream, aft-fan engine (type h, fig. 8). All the turbofan
engines shownin figures 1 to 9 have separate core and fan ducts. If desired, the user
may specify mixed flow, in which case fan and core flow will exhaust through a common
nozzle. The user may also specify core duct or fan duct afterburning.

The enginesin figures 1, 2, 3, 6, and 7 havea third duct which is supplied with
bleed air from the intermediate compressor. The third duct is referred to as the "wing
duct" since it was originally intendedto supply air for blown-flap or ejector-wing STOL
aircraft.

ENGINE MODELINGTECHNIQUES

DYNGENwas formed by directly modifying its predecessor, GENENG. Except for
the addition of differential equationsto model rotor and gas dynamics, the equations
used in DYNGENare identical to those used in GENENG. Therefore, the reader is re-
ferred to references 3 and 4 for a detailed discussion of thermodynamic and component
equations. The discussion in this report concentrates on how the programming tech-
niques of GENENGwere used to form a dynamic engine simulation and on the differential
equationsaddedto the analytical model. The modified Euler methodof solving differen-
tial equationsis discussed from a numerical analysis viewpoint in appendixA.

Steady-StateBalancing Technique

An example case is presented here to assist the reader in understanding how
DYNGENcalculates engine steady-state operating points. For Simplicity a turbojet en-
gine is used in the example, but similar methodsare used for more complicated config-
urations. Figure 12shows a turbojet enginewith its major componentslabeled. Pres-
sures P, temperatures T, and flows w are also labeled with appropriate station num-
bers. The example illustrates howthe calculation of variables proceeds through the en-
gine. DYNGENis written so that the user can select off-design points by specifying

speed N, turbine inlet temperature T4, or fuel flow _f. In this example, fuel flow is
assumedto be the specified variable. First, an inlet calculation is madeto determine

P2 and T2 from the free-stream values of pressure, temperature, and Machnumber.
In order to calculate ¢¢C' P3' and T3 from the compressor map (fig. 13)and thermo-
dynamic relations, program-generated guessesare madefor the values of speed N and

pressure ratio P3/P2. Once _¢C' P3' and T 3 are obtained, the combustor calcula-

tions for w4' P4' and T 4 can be made by using the thermodynamic relations, the corn-



bustor map (fig. 14), and the user-specified values for fuel flow @f and compressor
bleed flow. In order to calculate turbine variables, the program generates another

this time for the value of turbine flow function vv4_/P4. Then, from theguess,

knownvalue of N/_rT4, the turbine map (fig. 15)is used to calculate turbine work Ah
and efficiency. The values of P7 and T 7 are then calculated by using thermodynamic

relations. Finally, the compressible-flow relations are used to calculate nozzle pres-

sure P7 from Ws' T7' and user-specified values for P0 and nozzle area.

The reader may have noticed that this calculation procedure is redundant; that is,

certain variables can be calculated in more than one way. This fact is used to generate

error variables, which must equal zero to yield a consistent solution of the equations.

In developing a program such as DYNGEN, the analyst must choose what error vari-

ables to use. This discussion simply points out the choices which were inherited by

DYNGEN from its predecessors, GENENG and SMOTE. Experience has shown that

these are good choices for most engine configurations.

In the previous discussion it was stated that guesses were made for rotor speed N,

compressor pressure ratio P3/P2, and turbine flow function _4_4/P4" From the

first two guesses (and other variables) one may calculate the power absorbed by the

compressor _¢C Ahc" From the turbine flow function (and other variables) one may

calculate the power supplied by the turbine WT Z_hT" For steady-state operation the

power supplied must equal the power absorbed. Therefore, the difference Wc Ahc -

VeT AhT may be used for the first error variable.

calculate a value for turbine flow function .(w4 _---'_T4/P4)' basedSimilarly, one can
/

only on the first two guesses, but for a consistent solution the calculated value must

 uesse v  ue..e ce, Ue
used as the second error variable.

Finally, from the compressible-flow equations, we know that the variable P7 is

specified by the variables v¢8' T7' P0' and nozzle area A 8. Since total conditions re-

main constant throughout the nozzle, this value for P7 must equal the value P7' which

is calculated from the work and efficiency of the turbine and from adiabatic flow (with a

specified pressure loss) in the duct between turbine and nozzle. Therefore, the third

error variable is P7 - P7"

Once three variables have been guessed and three errors have been specified, the

analyst can use an iterative method to obtain a consistent solution to the equations.

SMOTE, GENENG, and DYNGEN all use the Newton-Raphson technique of iteration.

The details of this method are given in appendix A. Although more complicated engines

will require more guesses and more error variables in the iterative procedure, the

analyses will be quite similar to the one described in this example.



Differential Equations

Sofar the discussion hasbeen devotedto the methodswhich DYNGENuses to obtain
steady-state operating points. Nowthe methodof implementing and solving time-
dependentdifferential equations is discussed. DYNGENuses a modified Euler method
of solving differential equations. This methodis derived, from a numerical analysis
viewpoint, in appendixA. AppendixA also discusses the numerical stability of the
modified Euler methodand showsthat it does not require extremely small time steps to
obtain a stable solution. Becauseit uses the modified Euler method, DYNGENdoes not
require small time steps to obtain a stable solution. However, DYNGENsometimes ex-
periences convergenceproblems for time steps less than about 1 millisecond.

The ability to use large time steps (about0.10 sec) is an advantagein enginesimu-
lation since in the past it hasoften beennecessary to select integration time steps small
enoughto guarantee stability for high-frequencydynamics typical of mass and energy
storage in unsteadyflow. This can result in very long execution times eventhoughthe
simulation user may only be interested in low-frequency dynamics. With the modified
Euler methodthe user can select larger time steps without worrying about numerical
stability.

The main disadvantageof the modified Euler methodis that an iterative solution is
required for the equationswhich approximate the solution to the differential equations.
However, this fact turns out to be useful in DYNGENsince it meansthat the analyst no
longer has to solve explicitly for derivatives. They may be embeddedanywherein an
overall set of simultaneousalgebraic equationswhich are to be solved by an iterative
method suchas Newton-Raphson. The following discussion shows howthis advantage
was employed in converting a steady-state simulation, GENENG, to a dynamic simula-
tion, DYNGEN. In order to accomplish the conversion, three kinds of equationshad to
be modified to include dynamic terms: the power balance, continuity, and energy equa-
tions. The steady-state power balance equation simply implies that the power output of
a turbine must equal the power absorbedby a fan, a compressor, and their loads

WT AhT = Wc Ahc + (HP)ext (1)

By adding a rotor acceleration term, the equation can be used to model engine dy-

namics: any excess power provided by the turbine will go into rotor acceleration

'_'T AhT = '_'C Ahc + IN -- + (HP)ext (2)
\60/ dt

If the time derivative is arbitrarily set equal to zero, the dynamic equation becomes the

steady-state equation. Similar considerations also hold for the continuity equation



'bout = Win (3)

DYNGEN treats unsteady flow dynamics in a way which has become traditional for

engine simulation: a control volume is associated with each component; and pressure,

temperature, and density are assumed to be constant throughout the control volume. At

steady state the flow into the volume must equal the flow out; but for unsteady flow,

mass can be stored in the volume at a rate proportional to the time derivative of pres-

sure dP/dt

• • V dP (4)Wou t = Win
_RT dt

If dP/dt is zero, the continuity equation reverts to its steady-state form. The control-

volume approach is also used for the energy equation. At steady-state the rate of en-

ergy into the volume must equal the rate out

Wouthout = "hinhin (5)

In unsteady flow, energy storage is accounted for by two terms: one reflecting the rate

of change of specific internal energy du/dt, and another reflecting energy storage

caused by mass storage

PV du (6)
Wouthout = Winhin - (Win - _'out )u RT dt

The following discussion shows how these equations were used in DYNGEN.

DYNGEN was formed from GENENG by modifying the power balance, continuity, and

energy equations for major engine components. In GENENG the steady-state power

balance equation was used to form an error variable

E1 = _¢C Ahc - WT AhT + (HP)ext (7)

In DYNGEN the same error is formed with the dynamic term added

E1 = Wc Ahc + (2--_2 IN dN_ ,h T Ah T (8)
\60/ d--t- + (HP)ext

In order to implement the dynamic forms of the continuity and energy equations, a vol-

ume was associated with each component, and the flow and enthalpy out of the component

were modified by the dynamic terms.

For example, if Wc is the flow rate through the compressor specified by the com-

pressor map and h3 is the enthalpy at the compressor exit, the flow and enthalpy enter-



ing the combustor will begiven by wC"* and h_, where

V3 dP3
Wc = VCc (9)

7RT 3 dt

r_

P3V3 du3
_¢ch3 - (Wc - Wc)U3 - --

. RT 3 dt
h3 = . * (10)

w C

The derivatives are calculated by the simplest possible approximation

dy _ Yi- Yi-I

dt At
(11)

where Yi is the current value of a variable and Yi-1 is the value for the previous time

step. This approximation is adequate provided that the time step At is no greater than

one-tenth the magnitude of the smallest time constant the user wants to observe. A rea-

sonable estimate for, say, a rotor time constant could be obtained by applying a step in

main fuel flow as a disturbance. The rotor "time constant" would then be the time be-

tween the application of the step and the point when rotor speed reached NO + 0.63 AN,

where NO is the initial speed and N O + AN is the final speed at the end of the transient.

In order to observe rotor dynamics with a time constant of 1.0 second, the user should

use a At no greater than 0.10 second. In selecting a value of At for a given engine

simulation, some trial and error may be necessary to determine the optimum value of

At. As mentioned earlier, At's smaller than 1 millisecond may cause convergence

problems.

Adding the derivative terms to the steady-state equations did not require any change

to the basic iteration scheme used in GENENG. Therefore, none of the flexibility or

generality of the program was lost; its capability was simply extended to include dy-

namics.

PROGRAM INPUTS

DYNGEN requires four kinds of user-supplied information:

(1) Component maps, which are supplied in the form of BLOCK DATA subprograms

(2) Subroutines DISTRB, FCNTRL, and NOZCTR, which are dummies unless tran-

sient operation is desired

8



(3) A list of desired output variables, which is read in on data cards supplied at
executiontime

(4) Engine configuration dataand operating point specification, which are read in at
execution time on data cards by meansof NAMELIST name SDATAIN

ComponentMaps

The componentswhich are represented by maps in DYNGENare the fan, intermedi-
ate compressor, compressor, combustor, high-pressure turbine, intermediate-pressure
turbine, low-pressure turbine, and afterburner. All these maps exceptthe afterburner
map are supplied in the form of BLOCK DATA subprograms; the afterburner map is in-
cluded in subroutine ETAAB. DYNGENis set up so that maps for all componentsare
specified. Thus, if a single-spool turbojet is simulated, the BLOCK DATA for the com-
ponentswhich are not used do not haveto be deleted. This results in no errors in the
calculations. Dummy maps for all componentsare supplied with the program. However,
if storage space is a problem, the user may set up only the componentmapswhich are
neededand delete the space occupiedby the other maps. Table I lists the component
maps that must be supplied for each engine configuration.

Choice of component maps - scaling laws. - Many engines that are studied by using

DYNGEN are theoretical. Therefore, actual component maps for these engines do not

exist. The program, however, does require component maps in order to do off-design-

point calculations. In order to alleviatethis problem, DYNGEN uses scaling laws to

change data from one component map into a new component map. Hopefully, a compo-

nent map can be found which could be expected to perform in a similar manner to the

actual map for the engine being studied. In fact, most maps that the authors have ob-

tained are identifiedas to the range of pressure ratio, airflow, etc., over which they

are valid. Thus, a high-bypass-ratio fan map such as thatfrom a CF-6 could be used

to simulate other high-bypass-ratio fan maps.

The scaling equations used for the compressor maps are

(PR)map, design -

WA=

ETA =

PR= (PR)desig n - I [(PR)map - I] + 1
1

(WA)design

(WA)map, design
× (WA)ma p

(ETA)desig n

(ETA)map, design
× (ETA)ma p

9



In the outputare printed the correction factors used in scaling the maps. The
closer thesevalues are to 1.0, the more reasonableare the simulated mapsof the en-
gine. Conversely, however, not being close to 1.0 does not necessarily meanthat the
simulation is poor since manymaps havebeenshownto be typical over quite large
ranges in the variables.

BLOCK DATA input. - The three compressor performance maps are entered into

the code as the BLOCK DATA subprograms BLKFAN, BLKINT, and BLKCMP. The

subprograms supplied by the authors with the code and shown in appendix B are not to be

taken as realistic maps. These maps are of an illustrative nature and are the ones used

to run the sample calculations.

As an example, by using subprogram BLKFAN (the first nine cards of which are

printed here) and referring to a typical compressor map (fig. 13), the data are pro-

grammed as follows: Card 1 reminds the reader that these maps are fictitious. Card 2

$1BFTC BLKF&_ DECK

C THIS IS A GENERALIZED FAN MAP FOR UNREALISTIC SUPERSONIC ENGINE
BLOCK DATA

COMMO_ / FAMICN(15),PR(lStlS),WACIISe|SIeETA(15,lS),NmMP(15)
DATA _NP/lO_bm3eT_SelOmBmSmOI
DATA :q/Oo3,0*4,0-5,0.6tO°T,OoS_O.gml.Otl.l,l.2,SeO./
OATA (PR( ltJItWAC( IIJ),ET&( ltJltJ'll 6)/

1 1.03000_ 243.600m 0.75592, 1.01200, 229.800, 0.76120,
2 l. OZSOO_ 199.8001 0. T6648_ 1.038_0, |66.800, O.TSS?2,

3 L.O_BOm 133.200, 0.72512t 1.06800, 86._00e 0o6_1521

identifies the subprogram as BLOCK DATA. Card 3 identifies common block FAN, into

which data are to be stored, and dimensions the program variables. Card 4 indicates

that there are 10 speed lines N and gives the number of points NP on each line (six

on the lowest speed, seven on the next three lines, etc. ). Card 5 assigns the value of

speed to each of the 10 lines (low to high). Cards 6 to 9 along the speed line CN=0.3

set the pressure ratio PR, corrected airflow WAC, and efficiency ETA in sets of three,

going from low pressure (PR=I. 0) to the surge line (PR=I. 048). Note there are six sets

of three values (NP(1)=6). The rest of the cards (appendix B) set the values for each

speed line.

The combustor map is also a BLOCK DATA subprogram (CMBDT). It is a plot of

temperature rise across the combustor against efficiency for constant input pressure.

Entry to the map is through temperature rise and input pressure, with efficiency being

output. The cards in the subprogram CMBDT are reproduced here; a typical combustor

map is shown in figure 14. The data are programmed as follows: Card 1 identifies the

common block COMB, into which data are to be stored, and dimensions each variable.

Card 3 indicates that there are 15 lines of constant PSI (P3) by the value of N and that

there are 15 values of DELT (DT) and ETA (ETAB) along each line of constant PSI (P3).
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SIBFTC C_BDr DECK

BLOCK 3ATA 1
COMMOq / COMB/PSlIIS),DELTI15115),ETAI15,lSI,NmNP(|5) Z

DATA _,NP I 15,15*15 / 3
DATA PSl/6.911619.823211_.T35_19.64St24. S58129.41Ot3_.381e 4

139.293t44.20?tT3.674,100.t200. q300.,600.,500.1 5
DATA )ELT/15m200._lSe300.tlSe400°elSm500. elSm600.tlSmTOO, tLSmBO0.t 6

115*90g.tlSe100O.tlSml100.mlS*1200.,lSt13OOe,lSn1400.,lS-1SQO., 7
215-1630.1 8

DATA ETA/ 9

1.600,.726,.777,oB06,.826,.B43t.BSS,*865,T*.BTOt 10

2.758t.825**858t.8751.888,.898,*9061*912,.916,be.915* 11
3.868,.8931*911,*925**935,*942,*9671.951,7*.9531 12

6.925,.936,.946,°gss,.963,.9691.974,.9?Tt.978,be*979t 13
5.960**9661.972e.977t.982t.985,.990,*992t*993tb**995t 14

6.988,.991t.992,oqq4**995,.997,.998,8e.999, 15
7B*l. O3,T**999,120*l. O0/ 1S

ENO l?

Cards 4 and 5 assign values to each of the P3 lines from low to high pressure. Cards

6 to 8 assign values of AT to each of the P3 lines, starting at low AT. The lowest

value of AT on each of the P3 lines is given, starting with the lowest value of AT on

the lowest value of P3. Next comes the second lowest value of AT on each P3, etc.

Again, this map is unrealistic, being used for illustrative purposes only. Cards 9 to 16

assign the value of _B in a one-to-one correspondence with the AT values just as-

signed. The order is the same.

Also entered as BLOCK DATA subprograms are the turbine maps (HPTDAT,

IPTDAT, and LPTDAT). In order to illustrate the entering of turbine data, LPTDAT

is used. A typical turbine map is shown in figure 15; the data are programmed as

follows: Card 1 identifies the subprogram as BLOCK DATA. Card 2 identifies common

SIBFTC LPTDLT DECK
BLOCK _ATA
COMMDq / LTURB/TFFI151,CN(IS,tS)eOHilSelS)IETA(IS*15),NtNP(IS|

DATA _wNP/lltgulSil2,gt_*O/
DATA rFF / 88.470, 102.7951

1 145.725, 150.000, 153o345,
DATA (CN| ltJJ,OH( 1,J),ETA( I

1 0.3S821 0.0018,

2 0.7365, 0.0035,
3 1.2146, 0.0051,

4 I.S2Ol, 0.005%
5 2.324T, 0.0062,
6 2._665, 0.0057*
7 2.5166, 0.0044,

8 3.313Q, 0.00011

1

2
3

116.835, 129.330, 141.045t 4
156.40S, 159.780, 163.170,4*0.1 S

tJ),J-lllS)/ 6
0.T120, 0.5336, 000026, 00?300, T

0.T472, 0.9754, 0o00461 0.73001 8
0.T1401 1.4173, 0°0056t 0.7000, 9
0°6850, 1.7673, 0.0061, 0.6730, 10

0.6452, 2.282T, 0.0061, 0.6200, 11
0.6000, 2.b137, O. O053, O.5750, 12
0.5310, 2.9456, 0.0035, O. 5000_ 13
0.3850/ 14

block LTURB, into which data are to be loaded, and dimensions the program variables.

Card 3 indicates the number of constant turbine flow function lines TFF as 11 (N) and

gives the number of points on each line from low to high TFF. Cards 4 and 5 set val-

ues of corrected speed CN, work function DH, and efficiency ETA along TFF(1),

starting from low CN (0. 3682) and ending at high CN (3. 3138). The rest of the cards

set the values along higher TFF lines.
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In manycases, turbine maps for high-performance enginesoperate at a chokedcon-
dition (constant TFF). Thus, a turbine map to be represented could possibly haveno
lines representing constant TFF for a significant portion of the map. For complete
map representation, lines of constant TFF maybe estimated on the mapup to the limit
loading line by inputting slight changesfor the values of TFF (e.g., if one line for TFF
is 62.105, the next maybe input as 62.108). This will eliminate computational difficul-
ties which would arise if constant values for TFF lines were input.

Generalized afterburner performance hasbeenprogrammed into subroutine
COAFBN. The afterburner performance map included in the program is shownin a gen-
eralized form in figure 16(a). The performance mapshows afterburner combustion ef-
ficiency as a function of fuel-air ratio. The values of the afterburner combustioneffi-
ciency correction factors AETAA during off-design operation are shown as functions of

afterburner entrance Mach number (fig. 16(b)) and afterburner entrance pressure (fig.

16(c)). Other correction factors or performance maps may be added as desired. The

afterburner efficiency, fuel-air ratio, inlet total pressure, and Mach number are gener-

alized.

A specific afterburner performance map is generalized by dividing the specific off-

design value by the design value, as shown below. The symbols shown are the symbols

used in the ETAAB subroutine, where the generalized and specific values are input.

The generalized afterburner values are obtained as follows:

Efficiency (ETABRT) = ETAA
ETAADS

Fuel-air ratio (FART) - FART
FARTDS

Entrance total pressure (P6T) - P6
P6DS

Entrance Mach number (EM6T) - AM6
AM6DS

However, the correction factor for efficiency

input in ETAAB are the following:

(1) The change in efficiency as a function of

really AETAA = f(AM6)).

(2) The change in efficiency as a function of

really AETTA = f(P6)).

AETAA is not a generalized value. Also

EM6T is input as DELM6 (which is

P6T is input as DELP6 (which is

At execution time for the design point, afterburner combustion efficiency ETAADS,

exit total temperature T7DS, and entrance Mach number AM6DS design values are in-
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put. Then design fuel-air ratio and entrance pressure ratio are calculated from the in-

put values and the other design engine characteristics.

In order to achieve a reasonable accuracy in cycle calculations when using a gener-

alized component map, the usage of the map should be limited within a certain range of

the original design values and configuration changes. Therefore if, for example, an

afterburner has a design task that differs significantly from an example used, a new

performance map should be used in order to simulate the component more accurately.

DYNGEN normally uses a single-point input for the nozzle velocity coefficients

(CVMNOZ, CVDWNG, and CVDNOZ) when calculating engine performance. When de-

sired, however, a map of nozzle velocity or thrust coefficients can be readily incorpor-

ated, as in reference 3.

Output Specification

Data cards are supplied by the user, at execution time, to specify the names of de-

sired output variables. Any variable that is in one of the main commons (ALL1, ALL2,

etc. ) may be selected for output by punching, in columns 1 to 6, the name of the variable

as it appears in the common. Up to 150 variables (25 lines of six variables) may be

chosen for a particular run. During the output phase the name of the variable is printed

out, with its value printed immediately below the name.

Another feature of the controlled output is the ability to change the name of a varia-

ble to be output; for example, it may be desired to change a station designation to one

more common to a particular programmer. In this case, the variable name would be

punched in columns 1 to 6 as described; but, in addition, the desired name would be

punched in columns 13 to 18. Special symbols such as / may be used in the new name.

The last card of the selected output must be a card with "THEEND" punched in columns

1 to6.

Design-Point Specification

The engine design point is specified by reading in data cards by means of NAMELIST

name SDATAIN. The design point is identified by setting IDES=l, and it must always be

the first case run. Configuration specification (two-spool turbofan, one-spool turbojet,

etc. ) is done at the design point.

Table II contains a complete list of the variables that must be specified by the user

at the design point for the 11 basic engines shown in this report. Table III contains fur-

ther explanation of some of the program indices (MODE, INIT, IDUMP, etc. ) which the

user may employ to control the operation of the program.
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Onesignificant difference betweenDYNGENand its predecessors, SMOTEand
GENENG, is the ability to use the International System of Units (SI). If input variable
SI is .TRUE., physical constants internal to the program will be set for SI units; if SI
is . FALSE., they will be set for U.S. customary units (English units). WhenSI is
•TRUE., most of the internal calculations are donein SI units, as opposedto simply
leaving the internal calculations in English units and converting the input and output.

Off-Design Operating Points

Sofar the discussion hasconcentrated on specifying the engine designpoint. Once
this hasbeendone, the user has manyoptions for running off-design points. These may
beused to study steady-state performance, or they may be the initial conditions for
transients. There are four basic modesfor specifying off-design points:

(1) MODE=0,specify a newturbine inlet temperature T4
(2) MODE=l, specify a compressor rotational speed PCNC
(3) MODE=2,specify a fuel flow rate WFB
(4) MODE=3,specify a fan rotational speed PCNF
The variables T4, PCNC, WFB, and PCNF havespecial significance because

specifying any one of them also specifies the other three (assuminga fixed enginecy-
cle). In addition to these variables, however, the user may specify anyparameter
which is not recalculated inside the program. Table IV contains all the variable names
which may be changedfor off-design points by using NAMELIST input. Table IV is not,
however, an exhaustive list of variables which might be changed. For example, the
user might want to vary low-pressure-turbine exit area A55 in order to determine its
effect on engineperformance. To do so hewould only needto add A55 to NAMELIST/
DATAIN/ in subroutine PUTIN. The same procedure canbe used for any variable the
user wants to change, provided that the variable is not recalculated inside the program.
There is no restriction on the number of variables which may be changedat onetime
(except for afterburning cases). For example, it would be permissible to changeALTP,
AM, ETAR, HPEST, AS, A28, and A38 all in one step.

Whencalculating off-design points, DYNGENneedsan initial guess for the values of
its iteration variables. SubroutineGUESSdoes the job of providing the guesses. How-
ever, for some engines, GUESSwill lead to trouble by causing map inputs that are out
of range for the dataprovided or other similar problems. Variable INIT can be used to

bypass GUESS. If INIT=0, GUESS will be called; if INIT=I, GUESS will be bypassed,

and the last converged case will be used as the initial guess for the next case. Some-

times INIT=I can be used to solve for a point which has been causing convergence

problems.
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Transient Input

In order to use DYNGEN's transient capability, the user must provide additional
NAMELIST input. Table V summarizes the variables which must be provided for each
of the engine configurations discussed in this report. Except for ITRAN, the variables
in table V may be input at any time; they do not affect program operation in the steady-
state (ITRAN=0) mode. Whenthe user inputs ITRAN=I, the next point will be the initial
condition for a transient, and the program will print "TIME=0.0" abovethe output list-
ing. From then on, until TIME exceeds TF, TIME will be incremented by DT before
eachpoint is calculated, and subroutine DISTRB will be called to provide time-varying
input. The user must write subroutine DISTRB. For example, DISTRB might beused
to provide a step in WFB to determine engine open-loop response. Examples of DISTRB
are shownin appendixesB and C. DISTRB canbe used to changeany variable which is
not recalculated inside the program, nor is the user restricted to the variables in
NAMELIST. Table IV provides a reasonably complete list of possible time-varying in-
puts. The user should not, however, input a time-varying T4 (whenMODE=0)unless
VCOMB=O. O. If VCOMB is nonzero, T4 will be recalculated and the user-supplied

value will be overridden. Similarly, a time-varying T7 should not be input unless

VAFTBN=0.0, and a time-varying T24 should not be input unless VFDUCT=0.0.

DISTRB should contain COMMON blocks ALL1, ALL2, etc., as required to communi-

cate new values to the rest of the program.

DYNGEN also provides for user-written versions of subroutines FCNTRL (main

fuel control) and NOZCTR (controlled A8). When ITRAN=I, FCNTRL is called by

COCOMB (if MODE=2) and NOZCTR is called by COMNOZ. Appendix C contains exam-

ples of FCNTRL and NOZCTR. A set of general-purpose control system subroutines is

also discussed in appendix C. The user may employ these to write his own control sub-

routines.

EXAMPLE CALCULATIONS

In order to show DYNGEN's capability, three examples are presented. The first

example shows the response of a three-spool, three-stream turbofan (like the one shown

in fig. 1) to an open-loop step in fuel flow. Figure 17 shows time histories of fan, mid-

dle spool, and core speeds. Also shown is the response of turbine inlet temperature.

All variables are presented as percentages of their design values. Complete input and

output listings for this example are shown in appendix B. Apart from showing DYNGEN's

capability to simulate a three-spool turbofan, figure 17 also demonstrates the effect of

using different time steps in the modified Euler solution of the simulation equations.

The results are shown for two time steps: 0.01 and 0.10 second. Close c_amination
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shows some small differences betweenthe two solutions, but they are substantially iden-
tical. There is a big difference, however, in computer executiontime to run the 3-
secondtransient shownin figure 17. With the 0.10-second time step, execution time
was 1.4 minutes; with the 0.01-second time step, execution time was 12.3 minutes.
This exampledemonstrates one of the main advantagesof a modified Euler solution
method: the user may select the time step to showthe frequency range of interest. If
low-frequency effects (less than 0.20 Hz), such as rotor dynamics, are the subject of
interest, a time step of 0.10 secondmay be adequate. If higher frequency effects, such
as temperature andpressure dynamics, are to be observed, a time step as small as
1 millisecond maybe needed. Frequency ranges requiring a time step smaller than
1 millisecond may result in convergenceproblems in DYNGEN. In any case, execution
times canbe held to a minimum that is compatible with the user's interests.

The next exampleshowsa large throttle transient for a two-spool turbofan similar
to the one shownin figure 5. This enginewas simulated, along with the speedcontrol
system shownin figure 18. A listing of subroutine FCNTRL for this example is shown
in appendixC. The primary input to the control system is demandspeedXNLDEM,
which is set by the pilot's throttle lever. The only output of the control system is fuel
flow WFB, which goes to the combustor. During small throttle transients the control is
proportional-plus-integral on speederror, but for large transients the control is closed
loop on the acceleration fuel flow schedule. Acceleration fuel flow is computedfrom
compressor speed XNHM, compressor exit pressure P3M, and compressor inlet tem-
perature T21M. This moderately complex control system was simulated by using sub-
routines that are compatible with DYNGEN's modified Euler solution method. A throttle
step from 50percent thrust to 100percent thrust was applied to the simulation, and the
results are shownin figure 19. Time histories of turbine inlet temperature andthrust
are shown, with the variables expressedas percentagesof their design values. This
figure also presents a comparison of DYNGEN'sresults with those from a hybrid-
computer simulation of the same engine. In figure 19, the continuous lines are the
hybrid-computer solution andthe discrete points are DYNGEN'ssolution. The hybrid-
computer model is quite detailed (ref. 5), but becauseof differences in the simulation
equations, the steady-state results of the two simulations differ by about 3 percent. The
differences in the dynamic solutions are of the sameorder. The comparison shownin
figure 19, thoughnot perfect, tends to confirm the validity of DYNGEN'smethod of
solving the differential equationsused in modeling the engineand control system. Even
thougha fairly long time step of 0.10 secondwas used, DYNGEN'ssolution is quite
similar to the continuoussolution producedby the hybrid computer.

The final exampleof DYNGEN's flexibility involves a single-spool, afterburning
turbojet similar to the one shownin figure 11. This type of enginerequires exhaust
nozzle and main fuel control subsystemsas shownin figure 20. Listings of subroutines
FCNTRL and NOZCTRfor this engineare shownin appendixC.
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The main fuel control is a simple proportional control on speederror with acceler-
ation and deceleration fuel flow limiting. The main input is demandspeedPCNFDM
which is set by the pilot's throttle. The acceleration scheduleis the usual WFB divided
by P3 as a function of PCNF, and the deceleration schedule is obtained simply by taking
one-third of the acceleration schedule. The nozzle control is used only in the afterburn-
ing mode of operation. Its purpose is to null out anychangein compressor pressure
ratio P3/P2 which might occur whengoing from nonafterburning to afterburning opera-
tion. This is accomplished by proportional-plus-integral control of nozzle area A8 in
response to pressure ratio error.

This control system was simulated in connectionwith a turbojet engine, and a throt-
tle slam from idle to full afterburning was applied. The results are shownin figure 21.
Time histories of rotational speed, main fuel flow, afterburner fuel flow, nozzle area,
andthrust are shown. All variables are presented as percentages of their design values.
In order to simulate a throttle slam, afterburner fuel flow was ramped from zero to its
maximum value in 2 seconds, beginning as soon as rotor speedreached 100percent.
The transient input for this example is shownin subroutine DISTRB (appendixC).

This exampleshows that DYNGENcanbe used successfully to simulate the dynam-
ics of an afterburning engine. Furthermore, it demonstrates that DYNGENis not limit-
ed to small-perturbation problems. The 5-second transient shownin this example re-
quired about 2 minutes of computer execution time on the IBM 7094.

CONCLUDINGREMARKS

A generalized digital computer program for simulating the steady-state and dynamic
performance of turbojet and turbofan engineshasbeen described and discussed. This
computer program, called DYNGEN, possessessignificant advantagesover many earlier

methods of digital engine simulation. Specifically, it eliminates the need to operate two

separate computer programs to obtain steady-state and dynamic results. It uses a modi-

fied Euler method for solving differential equations, which enables the user to specify

long solution time steps if only low-frequency information is required. This saves com-

puter execution time when long transients are to be run. A limitation of DYNGEN is that

it sometimes experiences convergence problems when small time steps (less than lmsec)

are used. Finally, DYNGEN can simulate a wide variety of engine types without repro-

gramming. This saves money and man-hours when new engines are to be simulated.

Lewis Research Center,

National Aeronautics and Space Administration,

Cleveland, Ohio, November 15, 1974,

505 -05.
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APPEND_ A

ITERATION AND INTEGRATION TECHNIQUES

Steady-State Balancing Technique

The following discussion explains the iterative method which DYNGEN and its pre-

decessor GENENG use to calculate steady-state operating points. As noted earlier, the

calculation of a steady-state operating point requires solution of a system of nonlinear

equations, corresponding to various engine matching constraints such as rotational

speeds, airflows, compressor and turbine work functions, and nozzle flow functions. In

order to satisfy these constraints, there are available an equal number of engine param-

eters which may be varied, such as compressor and turbine pressure ratios and flow

functions. The specific number of engine parameters (independent variables) to be var-

ied and engine error variables (dependent variables) to be satisfied depends on the type

of engine configuration being studied and varies from three for a single-spool turbojet

engine to nine for a three-spool engine. DYNGEN searches for the values of the engine

parameters which result in the engine error variables being reduced to nearly zero.

If the independent variables are denoted by Vj and the dependent variables by Ei,
the matching equations can be written as

Ei(V j) : 0 i: 1, 2,. ., n

j = 1, 2,. .., n

This is a set of nonlinear equations, which must be satisfied for a steady-state solution.

The procedure used to satisfy these equations is the multivariable Newton-Raphson

method (ref. 6). With this method, changes in E are assumed to be related to changes

in V by first-order, finite-difference equations:

AE = M AV

where AV and AE are n-vectors denoting changes in V and E from some reference

condition and M is an n×n matrix of partial derivatives of E with respect to V:

_E i
M.. --

1] _Vj

The matrix M is obtained by calculating a reference case and n

such that only the jth variable V.cases,
]

independent perturbed

is perturbed from its reference value on the
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jth case. Then for the jth case,

Oncethe matrix M

AE i
-- i= 1, 2,. . ., n

Mij AVj

is obtained, the reference case is improved by using

V = V r - M-1Er

If the system of equations were linear, this process would lead to convergence in one

iteration. In practice, nonlinearities in the system prevent immediate convergence. In

this case, the new V and E are taken to be the reference values, and a new matrix is

generated. If the system is not too nonlinear and initial guesses for V are reasonably

accurate, convergence is achieved in several iterations.

Dynamic Equations

Once an initialsteady-state solution has been obtained, a time-varying solution may

be generated. This requires the solution of a set of differentialequations which model

the system. The specific equations which are used to model the engine were discussed

in the main text. In this section, the procedure used to solve the differentialequations

in DYNGEN is discussed.

Consider firstthe differentialequation

dy _ f(y, t) (A1)
dt

In order to obtain a numerical solution on a digital computer, this differential equation

must be replaced by a difference equation in such a way that the solution of the difference

equation is, in some sense, close to that of the differential equation. There are many

ways in which this can be done, as discussed, for example, in reference 6. A common

method is to use a difference equation of the form

Yj+I = Yj + At[_f(yj, tj) + (1 - _)f(Yj+l' tj+l)] (A2)

where

A
yj = y(t 0$j At)
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and

0<_<i

The bracketed quantity in equation (A2) represents a weighted average of the derivative

f(y, t) over the integration interval L[tj' tj+l_.j For • = 1, equation (A2) becomes

Yj+I = Yj + At f(yj, tj) (A3)

Equation (A3) is known as Euler's method and allows explicit calculation of Yj+I as a

function of the previous values yj and tj. On the other hand, for • / 1, equation (A2)

is the modified Euler method. In general, it cannot be solved explicitly for Yj+I be-

cause of the dependence of f on Yj+I which appears on the right side of the equation.
In this case, some form of iteration must be used at each integration step to solve for

Yj+I"
From the standpoint of simplicity of the integration formula, use of equation (A3)

is clearly preferable to use of equation (A2). However, there are two other important

considerations: accuracy and stability. As discussed in the literature (e.g., ref. 6),

use of equation (A2) can lead to greater integration accuracy. Even more important for

the dynamic engine simulation problem is the stability consideration.

In order to illustrate the stability consideration, consider the linear differential

equation

dy _ ay (A4)
dt

For this equation, equation (A2) becomes

Yj+I = Yj + a At[eyj + (1 - •)Yj+I] (Ah)

which can be solved for Yj+I to give

1 + ae _At )yj (A6)Yj+I = 1 +ac At-a At

the general solution for

where

yj can be written

yj = r]y 0 (AT)

r= 1 +aeat (AS)
1 + a• At - a at
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The original differential equation (A4) is stable for a < 0; the difference equation solu-
tion, equation (A7), is stable for Ir[ < I. From equation (A8) the requirements for sta-
bility of equation (A7) can be established in terms of the requirements on integration

step size At. Solving equation (A8) for At yields

At = 1 - r (A9)
a(Er- r- _)

The upper and lower bounds for

This results in

At are obtained by setting r = +1 in equation (A9).

At < 2 E _ 1 (A10a)
a(1- 2c) 2

At is unconstrained for E < 1 (A10b)
2

In particular, for the Euler method (E = 1) the step size must be less than -2/a in order

to avoid numerically induced instability. For c < 1/2 the numerical method leads to a

stable solution for any value of integration step size.

These results are readily generalized to a system of linear differential equations.

Consider the system of equations

dy _ Ay (All)
dt

where y is an n-vector and A

rithm in equation (A2) results in

is the n×n system matrix. Use of the numerical algo-

Yj+I = Yj + A At[_yj + (1 - E)Yj+l] (A12)

which has the general solution

where

Yj = _JY0 (A13)

= (I + Ae z,t - A at)-l(I + Ae at)

As shown in reference 7, equation (All) is stable if, and only if, the eigenvalues of A

all have negative real parts; the difference equation solution (A13) is stable if, and only

if, all the eigenvalues of 4, have magnitudes less than unity.

It will now be proved that if _ is an eigenvalue of A,
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1 + )_ At
: (A14)

1 + 2EAt- _ At

is an eigenvalue of 4). Proof: Let _ be an eigenvalue of A. Then

IA- _II =0

If # is an eigenvalue of (I),

14) - pI[ = 0

But

14) - #I] = I(I + AE At - A At)-l(I + AE At)- #I I

l(I+ Ac At) - _(I+ AE At - A At)l

II+A•At- A At I

[(1 - _)(I + A: At) + #A At[

[I+A•At- A At I

But from equation (A14),

l _ ]_ = --

At

1 + _ At- )_At

so that

i(i) - #I I : I-_ At(I + A• At) + (1 + _• At)At A I
(1 + _• At- }, At) lI+A_ At- A At I

AtlA- _I I

(1+ _¢ At- _ At)If+A• At- A At I

=0

which completes the proof.

The similarity of equations (A14) and (AS), together with the requirement that all

eigenvalues _ have magnitudes less than unity, allows the conclusion, similar to equa-

tion (A10), that

At < 2 • _ 1 (A15a)

_max(l- 2c) 2

At is unconstrained for _ < 1 (A15b)
2
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where _'max is the eigenvalueof A having the greatest magnitude. In particular, for
the Euler methodthe step size is restricted by

At < -__22___ (A16)
max

in order to avoid numerical instability.
These results are valid only for a linear system, and no suchgeneral proofs are

availabte for nonlinear systems. However, in an intuitive sense, it seems reasonable
that equation (A16)would be applicable to nonlinear systems if the matrix A and eigen-
values _t were interpreted as "average" values over an integration step and if the sys-
tem of equations (All) was not too nonlinear.

The significance of equation(A16), particularly for the dynamic enginesimulation
problem, is the following: The dynamic engine simulation generally contains a mix of
high and low frequencies. The high frequencies result from the lumped-volume repre-
sentation of componentdynamics, which includes the storage of mass and energy. The
low frequencies result, for example, from rotor dynamics and the slow motion of the
exhaust nozzle and its associatedcontrol logic. Frequently, the simulation user is in-
terested in low-frequency effects, such as overall engine spool-up time, andis not con-
cerned with high-frequency effects. Typical transients are 5 to 10secondsin duration.

If the simulation uses Euler's method, the integration step size is restricted by the
highest frequency in the system, eventhoughthe user is not interested in high-frequency
information. In this case, a step size of 10-4 second, or smaller, is frequency re-
quired. On the other hand, if an implicit (modified Euler) techniqueis used (e _ 1/2),
there is noupper boundon step size. It canbe chosento suit the desired frequency con-
tent of the output, which typically allows a step size of 0.1 secondor larger.

Iterative Solution Procedure

A problem which exists with the use of implicit methods, as notedpreviously, is
that for nonlinear differential equations some iterative scheme is required to solve for

the values of Yj+I at eachintegration step. The differential equationscorresponding to
the dynamic model of the engine maybe written as

dy _ f(y) (A17)
dt

where y and f are vectors. The state vector y represents pressures, temperatures,
and rotor speeds. The dimension of y (and f) dependson the type of engine configura-
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tion being studied. Nine state variables are required for a single-spool turbojet engine,
and a greater number for more complex engines.

The difference-equation representation used in DYNGENutilizes _ = 0, so that

equation (A17) becomes

Yj+I = Yj + At f(Yj+l) (A18)

The discussion of the sample configuration in the main text of the report shows how the

dynamic equations are incorporated into the structure of the steady-state solution. The

steady-state continuity, energy, and power equations are modified to be dynamic equa-

tions. The resulting dynamic equations are then either included as error equations or

are used to calculate flows and enthalpies at various stations throughout the engine.
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APPEND_ B

DYNGEN PROGRAM

Listing of DYNGEN

$IBFTC AFQUIR

SUBROUTINE AFQUIR (X,AIND,DEPE_DIANS,AJtTOL,DIRtANEW,ICON)

DIMENSION Xlg)

C XII)=NAME OF ARRAY TO USE

C AIND=INDEPENDANT VARIABLE

C DEPEND= DEPENDANT VARIABLE

C ANS=ANSWER UPON WHICH TO CONVERGE

C AJ=MAX NUMBER OF TRYS

C TOL=PERCENT TOLERANCE FOR CONVERGENCE

C DIR=DIRECTION AND PERCENTAGE FOR FIRST GUESS

C ANEW=CALCULATED VALUE OF NEXT TRY AT INDEPENDANT VARIABLE

C ICON=CONTROL =I GO T_RU LOOP AGAIN

C =2 YOU HAVE REACHED THE ANSWER

C =3 COUNTER HAS HIT LIMITS

C X(2I=COUNTER STORAGE

C Xq3I=CHOOSES METHDD OF CONVERGENCE

C XI4)=THIRD DEPEND VAR

C X(SI=THIRD INO VAR

C X(6I=SECOND DEPEND VAR

C X(7)=SECOND IND VAR

C XIB)=FIRST DEPEND VAR

C X(9I=FIRST [ND VAR

C X(3) MUST BE ZERO UPOK FIRST ENTRY TO ROUTINE

Y=O,

IF IANS) 1,2,1

l DEP=DEPEND-ANS

TOLANS=TOL*ANS

GO TO 3

2 DIP=DEPEND

TOLANS=TOL

3 IF (ABSIDEP)-TOLANS| 5,5,4

4 IF (X(Z|-AJ) 818,7

5 ANEW=AIND

X(2}=O.

ICON=2

RETURN

6 ANEW=Y

XlZ)=Xl2|÷[.

[CON=I

RETURN

7 ANEW=Y

X(2)=O.

ICON=3

RETURN

8 IF IX(3)) 9,9,12
C *** FIRST GUESS USING DIR

9 XI3)=l.

X(8)=DEP

X(g)=AIND

IF IAINDD lO,Ll,lO

10 Y:DIR*AIND

GO TO 6

II Y=DIR

GO TO 6

lZ IF (X{3)-Io) 13,13,16

C *** LINEAR GUESS

[3 X(3)=2.

X(6)=DEP

XI7)=AIND

1
2
3

4.
5

6
7
8
9

lO

II
12
13

14

15
16

IT
18
19

20
21
22

23
24
25

26
27

28

29
30
31

3;'
33

34.
35
36
37

38
39

40
41

42
43
44

45
46
47

48
49

50
51

52
53

54
55
56

57
58
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14
15

C ***

16

17
18
19

2O
21

22

23

25
26

27
28

29

30

31

32

33

3_.

35

36

3T

38

39

_0

_2
_3

45

66

_7

[F (XiS)-X(6)) 14,9_16
IF (Xlg)-x(7)) 15,9,15
A_" (X(9)-X (7) )/( X( 8)-X| 6) )
Y=X(9)-A_X | 8)

IF (ABS(IO._xIg))-ABS(Y)) 9e9_6
QUADRAT [C GUESS
X ! 4)=DEP

X( 5)=AIND
IF (X(7)-X(5)) 18t17,18

IF (Xlb)-X(4)) 13_9e13
IF (X(6)-X(4|) 1q,13_19
IF (X(9)-X(_)) Z3_20,23

[F (XlS)-X(4)) 21t22,21
X(q)=X(7)
XKB)=X(6)

GO TO 13
X|9)=X(7)

X(8)=X(6)

X(3)=I-
IF |X(9)) lOellelO
IF IX(8)-X14)) 24_21s24

F-IXI6)-X(4))/iX(7)-XIS))
A= (X(8)-Xt4I-FSIX (91-X (5)) )/( (xIg)-x(T) I_'(X(9)-X(5)) )
BuF-A_(X(5)÷X(7))

C"X(4)÷X(SI_(A_X(7)-F)
IF "(A) 27t25t27

|F (8) 26_7t26
Y=-CI6
GO TO 67

IF (B) 32p28p32
IF (C) 30e29e30

Y"O-
GO TO 4"/

G..-C/A

IF (G) 7s7_31
Y-SORT(G)
YY=.-SQRT(G)
GO TO 37

IF (C! 341,33e36
Y=-B/A

YY'O.
GO TO 37

IF (1.-D) 13,35136
Y..-BI { 2.¢A1
GO TO 47

EmSQRT (l,-D)
Y-,, (-B/( 2-_'A ) )4'( 1- +E)
YY=(-B/(2._'A))_'(I.-E)

Ju4
DEPM[N=ABS (X(6))

DO 39 I=6,8e2
IF (DEPN|N-ABSIX(I))) 39t39e3B

J=!
DEPMIN=ABSIXII))
CONT [ NUE

K'J+L
IF ((X(K)-Y)_(X(K)-YY)) 42t42t60

IF (ABS(X(K)-Y)-ABS(X(K)-YY)) 47,47f41
Y=.yY

GO TO _.7

[F (J-b) 43t_,_
JJ_'J÷2

KK..K÷2
GO TO 45
JJ"J-2

KKI, K-2
SLOPEs(X(KK)-X(K))/IX(JJ)-X(J))

IF (SLOPE_X|J)_'(X(K)-Y)) 46_66t47
Y=YY

X(9)..X(7)

X(8),,X(6)
X(7)=X(5)

59

60
61

62
63

64
65

66
6T
68

6q
70
71

72
73

74
75

76
77

78
79
80

Bl
B2

83
84
B5

86
87

88
89

qO

ql
92
93
96

95
9b
q7

98
99

100

101
102

103
104

105
106
107

10S
109
110

111
112

1.13
114

11.5
116

117
118
119

1.20
121

122
123
124

1.25
126

127

128

129
130
131
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X16)=X141

GO TO 6
END

!.32

133
X34

C
C

C

C
C

C
C
C

C
C

C
C

C
C

C

C
C
C
C

C

C
C
C

C

_IBFTC ATHOS

SUBROUTINE ATHOS (ZFTeTM,SIGMAeRHOtTHETA,DELTA,CA,AMUsK)
THIS IS A SUBROUTINE TO COMPUTE CERTAIN ELEMENTS OF THE 1962

U.S. STANDARD ATMOSPHERE UP TO 90 KILOMETERS.

CALLING SEQUENCE...

CALL ATNOS (ZFT, TM, SIGMA, RHO, THETA, DELTA_ CAT AHUI K)
ZFT -
TM
SIGMA =

RHO .=
THETA -

DELTA z
CA

AMU =

GEOMETRIC ALTITUDE (FEET)
MOLECULAR SCALE TEMPERATURE I DEGREES RANK INE)
RATIO OF DENSITY TO THAT AT SEA LEVEL

DEN S |T Y( LB- SEC_"_ 2-FT*,It (- 6) OR SLUG-FT'_*(-3) )
RATIO OF TEMPERATURE TO THAT AT SEA LEVEL

RATIO OF PRESSURE TO THAT AT SEA LEVEL
SPEED OF SOUND (FT/SEC)

VISCOSITY COEFFICIENT (LB-SEC/FT_2)

K u I NORMAL

m 2 ALTITUDE LESS THAN -5000 METERS OR GREATER THAN 90 KM
s 3 FLOATING POINT OVERFLOM

ALL DATA AND FUNDAMENTAL CONSTANTS ARE IN THE METRIC SYSTEM AS
THESE QUANTITIES /_E DEFINED AS EXACT IN THIS SYSTEM.

THE RADIUS OF THE EARTH (REFT59) IS THE VALUE ASSOCIATED MITH THE

1959 ARDC ATMOSPHERE SO THAT PROGRAMS CURRENTLY USING THE LIBRARY
ROUTINE MILL NOT REQUIRE ALTERATION TO USE THIS ROUTINE.

COMMONIUNITS/SI

LOGICAL SI
DIMENSION HB(IO)_TMB(ID)eDELTABI|O)tALM(IO)

DATA|HB(| ), TMB(1), DELTABII) t ALM(I) sI"l t 10)/

1 -5.0, 3ZOo 65, 1. 75363E DO, -6.5,
2 0..0, 28B. 15p loOOOOOE 00, -6.5p
3 11.0_ 216o65, 2.23361E-01, O-O,

4 20.0, 216o 65, 5. 40328E-02, lo0,

5 32.0, 228.65, 8. 56663E-03, 2-8t
6 47o0t 270.65, 1. 09655E-03 t 0o0,
7 52.0e 2TO- 65_ 5. 82289E-04, -2.0s

8 61.0_ 252.65, 10 79718E-06 t -400,
9 ¥9.0, 180.65, 1.0241 E-OSe O-Oe
$ 88. T43_ 180065, 1o6223 E-Obt 0.0/

DATA REFT5912.O855531E OT/t GZ /9. BObbSIp

1 AMZ /28e9664 /t RSTAR /8.31432/,

2 FTTOKM/3oO48E-06 I, S /110-4 /,
3 AMUZ 11.2026E-05 /, CAZ 11116-65/,

4 RHOZ /0o076476 /, GZENG /32.1¥41/
C CONVERT GEOMETRIC ALTITUDE TO GEOPOTENTIAL ALTITUDE
C IF IN SI UNITS, CHANGE ZFT TO FEET

IF (SI) ZFT=ZFT_3.280833
HFT-(REFT59/(REFT59÷ZFT))_ZFT

C CONVERT HFT AND ZFT TO KILOMETERS
Z-FTTOKM*ZFT
H-FTTOKM_HFT

K-1
TMZ-TMBI2)

IF (H.LTe-SoO.OReZeGT. 90.O) GO TO T
DO I M=lm tO

IF (H-HB(M)) 2,3,1
1 CONTINUE

_0 TO 7

2 M-M-I
3 DELH-H-HE(M)

IF |ALM(M).EQ.OoO) GO TO
TMK-TMB|M)+ALM(M)eOELH

C GRADIENT IS NON ZERO, PAGE 10, EQUATION Ie2.10-(3)

1

2
3

6

5
6

7
8
9

10
11

12
13
16

15
16

17

18
19
20

21
22
23

24
25

2b
27
28

29

30
31

32
33

34
35
36

37
38
39
40

41

62
63

45

66

47
48
49

50
51

52
53
56

55
56

57
58

59
60

61
62

63

27



DELTA=DELTABIM)*I(TMB|M)ITNK)S*(GZ*AMZIIRSTAR*ALM(M))))
GO TO 5

& TMK=TMB(M)
C GRADIENT IS ZERD_ PAGE los EQUATION 1,2o10-(4)

DELTA=DELTAB(M)*EXP|-GZ*AMZ*DELHI(RSTAR*TMB(M)I)
5 THETA=TMKITMZ

SIGMA=DELTA/THETA

ALPHA=SQRT(THETA**3I*((TMZ+S)/(TMK+S))
C CONVERSION TO ENGLISH UNITS

TM=[,B_TMK
RHO=RHOZ*SIGMAIGZENG

CA=CAZ=SQRT(THETA)
AMU=AMUZ*ALPHA/GZENG
IF (SI) GO TO XO0

GO TO lOl
100 TM=TM/I°8

RHO=RHO_SISo379

CA=CA*.3048

AMU=AMUt47,BBO25B
ZFT=ZFT/3,280833

C IF IN S1 UNITS$

C TM
C RHO

C CA

C AMU

C ZFT

/Of CONTINUE
CALL OVERFL (J_

GO TO (6tB)lJ
6 K=K+2

GO TO 8

7 K=2
B RETURN

END

DEGREES KELVIN

KGIM**2

MISEC

(N-SEC)IM=*2

M

64

65

66
67

68
69

70
T1
72

73
74.
75

76
77

78
T9
80

81

8Z
83
84

85
86
87

88
89

90
91

92
93
94

95
96

97

$IBFTC COAFBN

SUBROUTINE COAFBN

COMMON /WORDS/ WORD

COMMON /DES|GN/
[IDES tJDES _KDES tMODE t/NIT t/DUMP ,IAMTP _IGASMXt

2[DBURN_IAFTBNIIDCD tIMCD _IDSHOC_IMSHOC,NOZFLTtITRYS t

3LOOPERtNOMAP tNUMMAPtMAPEDG,TOLALLtERR(9)

COMMON /ALL[/
IPCNFGUtPCNCGUIT4GU _DUMDL tOUMD2 _DELFG tDELFN tDELSFC_

2ZFDS _PCNFDS,PRFDS tETAFDStWAFDS _PRFCF tETAFCFtWAFCF

3ZCDS _PCNCDSwPRCDS _ETACDS_WACDS jPRCCF tETACCFtWACCF t

4T4DS tWFBDS ,DTCODStETABDS_WA3COS_DPCODS_DTCOCF_ETABCFt

5TFHPDS_CNHPDS,ETHPDStTFHPCFtCNHPCF,ETHPCF_DHHPCFtT2DS t

bTFLPDSwCNLPDS,ETLPDS,TFLPCFtCNLPCF'ETLPCFtDHLPCFtT2[OS '

twFDDS tDTDUDStETAODS_WA23DSpDPDUDStDTDUCFtETADCFr

_WFADS tDTAFDStETAADSI_GbCDStDPAFDSjDTAFCFtETAACFt

,A25 ,A6 vAT tA8 tAg tA28 _A29

_AM55 tCVDNOZ_CVMNOZ_A8SAV _AgSAV tA28SAV_A29SAV

7T240S

BTTDS

9A55

$PS55

COMMON

LT1

2T2 l

3T4
4T 55

5CNF

6C NC

7C N HP

BCNLP

{)AM
STFFHP

COMMON

lXPL
2XTZ[

3T Z4
4T28
5WAD

IALLZI

,Pl ,HL ,SI

_P21 _HZl _SZI

_P4 _H4 _$4

tP55 tH55 ,$55

_PRF tETAF tWAFC

,PRC ,ETAC _wACC

tETATHP,DHTCHPtDHTC

,ETATLP,DHTCLPtDHTF

,TZ

,T3

T5

,BLF

WAF

WAC

BLHP

BLLP

,ALTP ,ETAR ,ZF

eTFFLP ePCBLF _PCBLC

IALL31

tXWAF tXWAC tXBLF

_XPZl _XH21 _XS21

tP24 ,H24 _$2_

tPZB tH28 _S2B

tWFD _WG24

_P2 _H2 ,$2

,p3 ,H3 ,$3

,P5 ,H5 iS5

_BLC tBLDU ,BLOB

tWA3 mWG4 _FAR4

_ETAB , DPCOM tDUMP

_WG5 tFAR5 tCS

,WG55 tFAR55 tHPEXT

PCNF _ZC _ PChlC tWFB

P C ELDU t PCBLOB_, PC BLHP t P CBLL P

tXBLDU tXH3 _OuMSL tDUMS2 t

,T23 ,P23 _H23 ,$23 ,

iT25 _PZ5 _H25 _$25 ,

_TZg ,P29 tH29 _$29

,FAR24 _ETA_ _OPDUC ,BYPASStOUMS3 ,

1

Z

3

4

5

6

7

8

9

I0

II

12

13

14

15

16

17

1B

19

20

21

22

Z3

2_

25

26

27

2B

29

30

31

_2

_3

34

28



100

lOl

I_,t.

6TSZ8 tPSZ8 v V28 tAHZfl

TXT55 tXP55 tXH55 _XS55
8XMFB _ XWG55 pXFAR55_XMFD

9T6 tP6 _H6 tS6
$T8 jP8 eHB tS8

CONHON /ALL6/
IMGb sWFA _MG1 tFAR7 _ETAA

2PS6 sV6 _AM6 pTS7 ePS7
3TS8 IPS8 _VB _AM8 eTS9

_.VA tFRD mVJD eFGND eVJM
5FGM pFGP _WFT _WGT _FART
6WA32 _ OPWGDS, DPW ING ,WA32DSt A38

7H38 eP38 tTS3B vPS38 ,T3q
8V39 tAM39 tA39 tBPRINTtWG37

pTS29 tPS29 tVZ9 eAMZ9 e

tXT25 tXP2§ tXH25 IXS25 t
_XMG2_ _XFAR2_,XXP1 eDUNB e
• TT tPT ,HT IST

tT9 eP9 tH? tS9

tDPAFT tV55 pV25 t

vV7 tAM7 _AN25 t
,PS9 tV9 ,AM9 t
eFGMM tFGPD pFGPH •

tFG pFN tSFC
,AM38 tV38 tT38

_H39 tP39 tTS39 t
tCVDWNGpFGMMNGIFGPWNG_

9FNW|NGtFNMAIN_FWOVFN•PS39 •FFOVFNjFCOVFNpFMNOFN_FNOVFD,
$VJW tTZ2 _P22 tHZ2 tS22 tTSO tPSO _HSO

COMMON /ALL5/

IS50 IMA22 _Z! _PCN[ _CN[ _PR[ _ETA| _WAC[
2TFFIP eCN|P _ ETATI P_DHTC[PtDHT[ tBLIP _ PCBL |PtPCN[GU_

3ZIDS ePCNIDS_PRIDS •ETA|DSe_AIDS _PRICF eETA|CFe_AICF
6TF|PDS_CNIPOStET[PDS_TF|PCF_CN[PCF_ET|PCFtDH|PCF_MAICDSt

5_AI _PCBLI _BL| tT2ZOS e#A21 _MGSO _FAR50 _A26 t
hAM23 _DUMSPL_FXFNZM_FXMZCP_AFTFANtPUNT tPCBLID_PbDSAVe
TAMbDSV_ETAASV_FARTSV_T6PBL eT41 _FAN eISPOOL

[OMM(JN /VOLS/ VFANtVINTCeVCOMPtVCOMBeVHPTRB_VgPTRB_VLPTRB_VAFTBN_
1 VFDUCT t VMDUCT

CONMON/UN I TS/S I
LOGICAL S[

COMHON/WHRERR/ICOAFBtICODUCt|CONIX
DIMENSION Q(9)

DATA AWORD/bHCOAFBN/
_ORD=A_ORD

Q(2)=O.
Q(3)'Oo
IF (S[) GO TO 100

AJ=T78e2b
AJX=Z.719
CAPSF=211b,2170

G-32,174049
PRATH-14.696

TOEL=2000,O

T1MAX=6000.O
RA-.O252

GO TO 101
AJ=I,O

AJX'I.0
CAPSF'I01325-O
G=loO

PRATN-14.696/I01326,6
TDEL=1111,0
TTNAX-2222.O
RA=ZBb,9

CONTINUE
ICOAFB=O

P60S AND ANbDS ARE SET FOR GENERAL;ZATION OF AFTERBURNER
EFFICIENCY MAP GENERALIZATION

IF ([DES ,EQ- 1) P6OS=Pb*PRATN

IF (|OES*EQol) AH6DS=AM6
WF6 = FAR55*NG55/(FARSS_IQ)
IF(|GASMX.GT°O) MF6 - MF6 • FAR2_*MG24/(FAR26+I°)

_A6_WG6-_F 6
DRY LOSS
MGbC-MGb*SQRT(Tb) IP6

[F (|DES.EQ.1) t4G6COS-MGbC
OPAFT=DPAFDSeiMG6C/MG6CDS)
IF IDPAFT.GT.I°) DPAFT'I.

PT=Pb*II.-DPAFT)
AT=A6

FAR6=_F6/_A6

CALL PROCOM (FARb,Tb_XXI_XX2,XX_tXX4*PHZ6tXXb)
WQAs_G6/A7
CI=PT*SQRT(G/gT6_AJ))eCAPSF

AM7aAHb

35

36
37
3B

39

40
41

42

63
66

z,5

46

41'
48
49

50

51

52
53

54

55

56

57

58

59

60

61

62

63

66

65

66

67

68

69

TO

71

7Z

73

74

75

76

T7

78

79

80

81

82

83

8_

B5

86

8T

88

89

90

91

92

93

96

e5

96

97

98

99

100

101

102

103

104

105

106

107

OI lOIl',IAl.,I' GB

29



T $7=0. B75.16
1 DO 2. I,=1t15

CALL PROCOM (FARbeTSTeCS7eAK7,CPTs.REX7_,PHIS7,HS7)
V7=AM7*CS7
HSCAL= H6-V7$*21 I 2o*G*AJ!
DELHS=HSCAL-HS7

IF (ABSIDELHSI,LEoO,OOOS=HSCAL) GO TO 3
2 TST=TST_OELHS/CP7

ICOAFB=t

GO TO 14

3 WQAT=CI*SQRT(AK7/REX7)*AM7/( L,+IAK7-1. D *AM7=W=2/2o) ==*( ( AK7_ 1° ) I ( 2,*

L(AKT-I,) l)

D IR=WQA/WQAT

E W = (WOA-WOAT) IWQA

CALL AFQUIR loll) _AM7jEW,O._40._,OOt_DIRtAMIT_IGO)

ICOAFB=2

GO TO 14eSy14)eiGC
4 AMT=AM7T

IF (AMT,GE,L,O! AM7=O, 9

GO TO I

5 PS7=P7/EXP ( (PHI6- PHI ST)/REX7)
IF (IAFTBN-GT,O) GO TO 7

C *_* NON-AFTERBURNING

6 T7=T6
WFA=O,O

FAR7=FAR6

WGT=WG6

IF (IDES.EQ°L°AND*TTDS.NE°O.I GO TO 7
GO TO 20

C === AFTERBURNING

7 IF (IAFTBN ,EQ, 2) TT=T6+TDEL

IF (IOES,EQ.t) TT=TIDS

IF (TT,LE.T6) GO TO 6
RHO65=CAPSF=PS7/|AJ_tREX7=TST)
PSbS--PS7

V65=V7

O( 2)=0.

0(3)=0-
8 IF IT7 °GT. T7MAX) TT=T7NAX

IF IT7 ,LT, T6) TT=T6_'I,OOI

IF ISI) TT=TT*9oO/5,O
HV=( ( ( ( ( I-,4594317E-I9'I'T7 )-o2034L 16E-15 )'I'T 7_-.2783643E-IX)WWT7+. Z05L

15 OIE-07 |*TT-, Z453116E-03 )*TT-, 9433296E-01) _TT÷ ° L 845537E+05

IF (SI) T7=T7*5.oIg°o
IF (ST) HV=HV*2325,,4295

CALL THERMO (PTpHApT7tXX1pXXZtl_FAR6_O|
C_,,w* TO ALTER DESIGN ABETAA MAP FROP GENERAL TO SPECIFIC MAP

IF (IDES,NE,[I GO TO 9

FARTDS= (HA-H6 !/( HV,I, ETAADS)

CALL ETAAB (.3._C)._O._O,_ETAADS_ETAASVtP6DStP6OSAVjAMbDS_AN6DSV_IDE

IS j FARTDSt FARTSV)

TT=T6
GO TO 20

9 P6GS=P6_'PRATM
F ARTGS=(HA-H6) I (HVeETAADS)

DO I0 IT=It15

CALL ETAAB (FARTGS_AM6_P6GStETAAtETAADStETAASVtP6DS_PbDSAVTAM6DStA

[M6DSV t IDESeFARTDS _FARTSV)

FAR7= (HA-H6)/(HV$ETAA)
DELFA7=ABS(FART-FAR7GS)

IF (DELFA7,LE,O°OI*FAR7) GO TO I1

10 FAR7GS =FAR7

11 CONTINUE
IF (FART,GT,O.) GO TO [Z

ICDAFB=3

CALL ERROR
12 WFAX=FART_WG6

IF ([AFTBN°EO.[I GO TO 15
ERRW= ( WFA- WFAX )/W FA

D IR= SORT ( WFA/WF AX )

CALL AFQUIR IOI L)pTT_ERRW_O, t30, e. OOOStDIRtTTT_IGD)

ICOAFB=4

GO TO I13,16_14), IGO

I3 TT--T7T

[08
109
110

111
112
113

I14
L].5

116
LL7

118

119
120

121
122

123
124
Z25
t Z6

127
128

129
L30

131

132
133
134
135

Z 36
137
138
139

140

141
142

143
144

145
L4b
147

148
149
150

151
152
153

L 54
155

15b

157
158

159
160
161

162
163
I64
165

166
167

168
169

170
171

17Z
173
174
175

176
I77

178
179

18;

30



16

15

16

17

18

19

2O

28

29

30

31

C

C

GO TO 8
CALL ERROR

MFA=WFAX
FART=IMFb÷MFA)/MA6

WG7=NG6÷MFA

MOMENTUM LOSS
CALL PROCON |FARTtT7tXXx,XX2tXX3tREXTePHITmHT)

RHOT=CAPSF_PT/(AJ_REXT_T7)
V7=MG71(RHO7SAT)

Q(2)=O.
0(3)=_o

PS7-PS65-'O.01

RHOT-_G7/(VT_AT)
HST=HT-VT_2/(2o_G_AJ)

CALL THERNO (IoO_HS7_TS7tPH|ST_XX2.1eFAR7,[)
IF (TS7.GE.301,) GO TO 18

CALL THERMO (I,O.HS7p6OOoBPH[STtXX2_ItFAR7_O)

V7=SQRT(2._G_AJ_(H7-HS7))
GO TO 17
PS7=RHO7_AJ_REX7_TS7/CAPSF
PS7A=PS65÷(RHO65tV65_S2-RHO7tV7S_Z)/(GtCAPSF)

DIR=SQRTIABSIPST/PSTA))

EP-IPS7-PS7A)/PS7
CALL AFQU|R IQ(l) tVT_EPtOotSOetoOOItOlRtVTTelGO)

V7-V7T

IF IV7.LT.LO0.) V2=IOO-

ICOAFB=5
GO TO ilTtlgt16)j IGO
pT=PST_EXPI(PH[7-PHIST)/REXT)
CALL PROCON (FAR7eTS7mCS7_XX2tXX3tXX6tXX5tXX6)

AHT=VT/CS7

CALL THERNO |P7fHTeT7eSTtXX2_I_FAR7_O)
[FIVAFTBN.EQ.OoO) GO TO 31

Q(2)-O.O

0(3)=0.0
WG7PaMG7
H7P=H7
PTOOT=OERIV(18tPT)

CONT]NUE

CALL THERMO(P7tHTtTTeSTtXX2tlBFARTtO)
HGT-HGTP-PTOOTSVAFTBN/TT/I1-6_RA)

UT-HT-AJXtRA_T7
UTDOT=OERIV(19tU7)
HTX=(MGTP_HTP-|WGTP-MGT)_UT-UTDOT_P7_VAFTBN/TT/RA

ERRM=(HT-HTX)/H7

O[R=SQRTiABS(HT/HTX))
CALL AFQUIR(Q(1),TT_ERRM,O.,20..O°OOOI_OIR_T7TtIGO)

"[COAFB=6
GO TO |Zg_31t30)e [GO

T7=T7T
GO TO 28
CALL ERROR

CONTINUE

ICOAF8=O
CALL CONNOZ

RETURN

END

)/MG7

18Z
183
186

185
186

187

188
189
190

191
192

193
196
195

196

197
198
199

ZOO
Z01

202
203
206
205

206

207
208

209
210

211
212
213

21_
215

216
217
218

219

220
221

222
223

226
225
22b

227
228
229

23;0
231
232
233

236

235
236

237
238

26O

$|BFTC COCONB
SUBROUTINE COCON8

CONNON IMORDS/ MORD

COHNON /DESIGN/
1[DES _JDES _KOES _MOOE _INIT _IOUNP _IAKI"P _[GASNXt

2[OBURN_[AFTBN_[DCD _[MCD _[OSHOCt|NSHOC_NOZFLTt]TRYS
3LOOPERtNONAP _NU_NAPeHAPEOGtTOLALLtERR(9)

CONHON /ALLL/
1PCNFGU.PCNCGUtTkGU zOt/_01 .DU_02 IOELFG tOELFN tDELSFC_

31



100

1D1

2ZFDS tPCNFDSIPRFDS tETAFDStMAFDS tPRFCF tETAFCFtMAFCF t
3ZC0$ _PCNCDStPRCDS tETACOStMACDS _PRCCF tET ACCFtWACCF t
• T4DS tWFBDS tDTCOOStETABDStWA3CDStDPCODStDTCOCFtETABCF_

5TFHPDStCNHPDStETHPDStTFHPCFtCNHPCFtETHPCFtDHHPCFtT2DS t
6TFLPDStCNLPDStETLPDStTFLPCFtCNLPCFtETLPCFtOHLPCFITZZDS t

TT2_DS tWFDDS tDTDUOStETEDDStWA23DS
8T1DS tWFAOS tDTAFDStETAADStWG6CDS

9A55 ,AZ5 tA6 tAT tAB

$PS5_ tAR55 tCVDNOZtCVMNOZtABSAV
CONNI]N /ALL2/

tDPDUDStDTDUCFtETADCFt
,DPAFDStDTAFCFtETAACFt

tAD tA28 tA29 t

• ADSAV tA28SAVtA29SAV

ITI ,Pl ,HI ,SI ,T2 ,P2 tH2 ,$2 ,
2T21 _P21 ,HE1 tS2[ iT3 tP3 tH3 iS3 t

3T6 ,P4 tH_ iS4 fT5 _P5 IH5 iS5 p
¢T55 tPS5 _H55 tSS5 tBLF tBLC tBLOU tBLO8 t

5CNF tPRF tETAF t_AFC _MAF tMA3 t ldG_ tFAR4 t
6CNC tPRC tETAC tWACC sWAC tETA8 _DPCOM pDUNP p
7CNHP tETATHPtOHTCHP_DHTC tBLHP tWG5 •FAR5 tCS t

8CNLP tETATLPtOHTCLPpDHTF •BLLP p_G55 •FARS§ tHPEXT j
9AM
STFFHP

tALTP tETAR ,ZF ,PCNF tZC tPCNC ,WFB t

tTFFLP tPCBLF ,PCBLC tPCBLDU_PCBLOB, PCBLHPtPCBLLP

COMHON /ALL31
1XPl ,XWAF fXWAC tXBLF _XBLDU

2XT21 ,XP21 ,XH21 tXS21 iT23
3T2_ •P24 IH24 •$2_ •T25

4T28 sP28 tH28 tS28 tT2_
5WAD _WFD w_G2_ _FAR2¢ _ETAD
6TS28 tPSE8 tVZ8 _AM28 _TS29

7XT55 ,XP55 tXH55 ,XS55 _XT25
tX_G55 _XFAR_5tX_FD tXHG26

tS6 tT7

tS8 _T9

8XWFB

9T6 tP6 tH6

$T8 _P8 eH8
CORHON /ALL6/

IlG6 _MFA _WG7 •FAR7 ,ETAA
2PS6 _V6 _AR6 _TS7 ,PST

3TS8 •PS8 tV8 _AM8 tTS9
_VA _FRD tVJD _FGRD tVJM

5FGM tFGP _wFT •WGT tFART
6WA32 t OP_GDSeOP_ING_A320S_A38
"/1"t38 _P38 tTS38 ,PS38 iT39

8V39 _AN39 _A39 _BPRINT_WG37

tXH3 tDUMSL •DUNS2 t
,P23 ,H23 ,$23 ,

tP25 tH25 tS25 ,
,P29 tH29 tS29 t

tDPOUC •BYPASS.DUNS3 .
tPSE9 tV29 tAM29 t
.XP25 tXH25 _XS25 t
tXFAR26_XXP1 tDUMB e

tP7 tH7 ,$7

_P9 t H9 _$9

_DPAFT ,V55 iV25 t
,V7 rANT ,AM25 ,

ePS9 tV9 tAM9
tFGNM tFGPO _FGPM t
tFG _FN _SFC v
_AM38 tv3g •T38

tH39 tP39 tTS39 t
tCVOMNG_FG_NG_FGPWNGt

9FNHING•FNNAIN,FMOVFN•PS3q _FFOVFN•FCOVFN_FMNOFN,FNOVFD,
SVJW _T22 _P22 _H22 _$22 _TSO ,PSD ,H5D

COMMON /ALLS/
1550 _A22 tZI •PCNI tCN[ :PR[ _ETA| t_AC[ t

2TFFIP _CNIP tETATIP_DHTCIP_DHTI •BLIP _PCBLIPtPCNIGU_
3ZIDS _PCN[DS_PRIDS tETAIDSt_AIDS tPRICF _ETA|CF_WAICF t

_TF|POStCNIPOStETIPOS_TFIPCF_CNIPCF•ET[PCFtOHIPCF•WAICDS_
5_AI _PCBLI tBLI tT2ZDS _WA21 _GSO tFARSO tA2_ •

6AR23 ,DUMSPL_FXFNZM_FXMECPtAFTFAN_PUNT tPCBLID_PbDSAV•
7AM6OSVtETAASVtFARTSV_T6PBL tT61 •FAN _[SPOOL

COMMON /DYN/ ITRAN,TIME_DTtTFtJTRAN,NSTEP_TPRINT_DTPRNT

COMMON /VOLS/ VFANtVINTC_VCOMP•VCONBtVHPTRB, VIPTRBtVLPTRB*VAFTBNt
I VFDUCTtVHOUCT

COMHON /UNITS/ St

LOGZCAL FXFN2M_FXMZCPtS[
COMMON / COMB/PSI(L5)tOELT(15tlS)_ETA(15tI§ItNPStNPT(151

DIMENSION QIg)_DUNBO(15,15)
DATA AMORD/bHCOCOM8/
_ORO=AMORO

IF(SI) GO TO 100
RA-.O252

AJ=2.719
TNAX=_OOO*
TMIM=lOOOe

GO TO 101
RA=Z86.9
AJ=I.O

TMAX_EZ22.

TMIN=555.5
CONTINUE

Q(2)=D.
Q(3)=O.
P3PSlsl_.6qb_l, p3

IF(S]) P3PSI-°16506E-3¢P3

9

10
ll

12
13

15

16
1T
18

19
ZO

ZI
Z2

Z3
26
25

26

27
28

Z9
3O

32

33

35
36

37
38

39
¢0

42

65
66

67

68
6q
50

52

53
56
55

56

57
58

59
6O

6L

62
63
64

65
66

67

68
69
7O

72
73

T6
75
76

77

78
79

8O
81
82

32



1

2

6

5

6
7

8

18

19

20
2L

9

C

WA3C=HA3tSQRTI T3) IP3PS I
[F(SI) MA3C=,MA3t'SQRTIT31/P3
IF (IDESeEQol) WA3CDS-MA3C

DPCON'OPCOOS_( MA3C/MA3COS I

IF IDPCON,GT,I,) DPCOH"I,
pB,,p3t (I.-DPCON)

IF ( l DES,EQ, I,AND, NODE.EQ.2 ) TB=I TMAX,_TNI N)/Z°
IF(ITRANoEQol. AND,NOOEoEQ°2) CALL FCNTRL

IF (T4eGTeTHAX) TB=TMAX
IF(T4.GE°TNTN) GO TCJ 2
T4"TNIN

IF IMOOE, EQ.1) NAPEDG-,1
DTCO,,Tk-T3

IF(SI) OTCO',DTCO_9oO/5-O
P3PSIN'P3PSI

CALL SEARCH (-loeP3PSINtDTCO_ETAB_OUNMYtPSII1) tNPSjOELTII_I)wETA(I

lw 1) eDUNBOI le 1) eNPTI 1)w 15elSe IGO)
IF ([GOoEQ°T) CALL ERROR
IF (IrDES°NE,,L! GO TO 4

ETABCF=ETABOS/ETAB
ETAB=ETABCFtETAB

IF (SI) T4_T6_9°O/5°O
HV-,I ( ( ( ( (-.659431 "/E-19_,T6)-.2034116E-15)_,TB+ .2783643E-11)t'T4+° 2051

1501E-07 ) *T6--. 2653116E- 03 )_,T_P - • 9zt33296E-01) _Tk+ ° 1845537E+05
IF (SII T4=T_B°O/9°O
IF (SE) HV'HV_2325.4295

CALL THERHO (P4eHA_T4_XXlsXXZ_O_O°O_O)
F AR6" (HA-H3) / (HV_ETAB)
IF IFAR4eLT°O-) FAR6=O-

_IFBX=FARB*MA3
IF (NOOE.NE,2) GO TO 7

ERRM= I MFB-MFBX ) IMFB

D [R=SQRT(HFBINFBX )
CALL AFOUIR (QI1)eTB,ERRMtOe_2OtwO-OOOlpDIR_TBT_IGOI"

GO TO 15tBtbl_iGO
T4-T4T

GO TO 1

CALL ERROR
WFB-MFBX

IF(IDES°EQ°I) MFBDSzlIFB
CALL THERNO IPBeH4eT4fS41'tXX2_IeFAR4eO)
WGB-_MFB+MA 3

IF(VCONBtEQ*O,O) GO TO Zl

QI2)ºO,O
0(3)=0,0

WG4P-WG4
H4PmH4

P4DOTxDER [ V( 10_ P4 )
CONTINUE
CALL THERNOIP4_H41,T4eS4_XX2_ItFAR4wO)
MG4=MG4P-P4OOTtVC OHB/T4/1° 4/RA

U 4"H4- AJtR At T4

U4DOT=DER I V( 11w UB)
H4X" ( MGBP_ HBP- ( 14G4P-MG4) _ Uk-U4 []OT_' P4S VCOHB/T 4/RA ) / NG4

ERRM" ( H4P"H4X I/H6

OIR=SQRT(AB$(H4/H4X) )
CALL AFQUIRIQ(1),T4fERRWtO,_20°tO°OOOltOIR_T4T_IGO)

GO TO (19e21_20)_ ]GO
TB"T4T
GO TO 18

CALL ERROR
CONTINUE
IF(IDES*EQ°I) MRITE(6_10) WA3COStETABCF

IF IFXN2CP.OR°ISPOOL,EQ°I) GO TO 9
CALL COHPTB

RETURN
PBO.wP4
HSOIH4

TBO,,T4
S50=S4

F ARBO_uFAR4

WGSO=_/G6
SET HIGH PRESSURE TURBINE PARAHETERS TO ZEROI NOT USED

83
86
85

86
87

88
89
90

91

92

93
96
95

96
97
98

99
100

IOL
102

103
10_

105
106
L07

108
109
110

111
1].2

113

116
117
118

119

120

122

).23
124
[Z5

126
127

128

129
130

132
133
! 36

135
136

].37
138
139

140

1/.2

166
145
146
147

148
149

150
1.51

152
153

].54
155

33



C
C

C
10

TFFHP=O.
CNHP=O.

DHTC=O°
DHTCHP=O.
ETATHP=O.

IF (FXMZCPI CALL CO[PTB
IF (FXMZCP) RETURN

IF RUNNING I SPOOL TJ GO TO COHPTB TO ZERO OUT COIPTB
CALL COHPTB
RETURN

FORMAT (].7HOCOMBUSTOR OESIGNt7X8H WA3CDS=mEIS,.B=,BH ETABCF=fE[5,8)
END

156

157

lSB

159

160

Ibt

162

163

165

166

167

168

169

170

34

$1BFTC COCOMP

SUBROUTINE COCOMP

COMMON /WORDS/ WORD

COMMON /DESIGN/

IIDES tJDES ,KDES ,MODE _IN[T ,IOUMP rIAMTP ,IGASMX,

ZIDBURN,IAFTBN, IDED ,IMCD tIDSHOCtIMSHOCtNOZFLT,ITRYS

3LOOPER,NOMAP wNUMMAP_MAPEDG_TOLALL_ERR(9)

COMMON /ALLI/

IPCNFGUIPCNCGUpT6GU _DUMDI tDUWD2 ,DELFG tDELFN _DELSFC_

2ZFDS ,PCNFDS_flRFDS ,ETAFDS_WAFDS _PRFCF ,ETAFCFIWAFCF s

3ZCDS _PCNCDS,PRCDS tETACDSpWACOS ,PRCCF ,ETACCFwWACCF t

_T6DS ,WFBDS ,DTCODS,ETABDS,WA3CDS,CPCODS_DTCoCF,ETABCF,

5TFHPDS,CNHPDS,ETHPDS,TFHPCF,CNHPCF,ETHPCF,DHHPCF,TZDS

bTFLPDS_CNLPDS,ETLPDS,TFLPCF,CNLPCFvETLPCF_DHLPCF,TZIDS t

TT24DS tWFDDS ,DTDUDS,ETADDS,WA23DS,DPDUDS_DTDUCF,ETADCF,

8T7DS ,WFADS ,DTAFOS,ETAADS_WG6CDS,OPAFDS,DT&FCF_ETAACFt

9A55 ,A25 _A6 ,AT TAB ,A9 ,A28 ,A29
$PS55 tAM55 tCVDNOZtCVMN_Z,ABSAV ,AOSAV ,AZBSAV,A2gSAV

COMMON /ALL2/

ITI ,PI ,HI tSl ,T2 ,P2 ,H2 ,$2

2T21 ,PZI ,HZ1 ,SZl ,T3 ,P3 fH3 ,$3

3T6 ,P4 ,H6 ,$4 jT5 ,P5 ,H5 ,55
4T55 ,P55 ,H55 ,$55 ,BLF ,BLC ,BLOU ,8tOB

5CNF _PRF ,ETAF ,WAFC _WAF wWA3 tWG_ ,FAR6

bCNC ,PRC ,ETAC _WACC _WAC ,ETAB tDPCOM ,DUMP

7CNHP ,ETATHP,DHTCHPtDHTC ,BLHP ,WG5 ,FAR5 ,CS

BCNLP jETATLP,DHTCLP,DHTF ,BLLP ,WG55 _FAR55 ,HPEXT

QAM ,ALTP pETAR tZF _PCNF tZC ,PCNC pWFB

STFFHP ,TFFLP ,PCBLF ,PCBLC ,PCBLDU,PCBLOB_PCBLHP_PCBLL

COMMON /ALL3/

IXPl tXWAF ,XWAC tXBLF ,XBLDU ,XH3 _DUMSI ,DUMS2 ,

ZXTZI ,XP2l _XHZI ,XSZl vT23 tP23 ,H23 ,$23 ,

3T24 ,P24 _H2_ tS26 _TZ_ ,P25 _H25 _$25 t
6TZB ,P28 _H28 _$28 tT2S ,P29 _H29 _529 ,

5WAD ,WFD eWGZ4 ,FAR24 ,ETA_ ,DPDUC ,BYPASS,DUMS3 ,

6TSZB _PSZB ,VZ8 _AM2B ,TS2g _PS29 _V29 _AMZ9 •
7XT55 ,XP55 ,XH55 tXS55 _XT25 _XP25 _XH25 _XS25

8XWFB _XWG55 _XFAR55_XWFD ,XWGZ4 _XFARZ6_XXP[ ,DUMB

9Tb ,Pb ,H6

$T8 ,P8 _H8

COMMON /ALL6/

LWG6 ,WFA ,WG7

2PS6 ,V6 ,AM6
3TSB ,PSB ,V8

_VA ,FRD ,VJO

5FGM _FGP _WFT

,$6 ,T7 ,P7 ,H7 ,$7

tS8 ,T9 ,P9 _H9 ,$9

,FAR7 ,ETAA ,DPAFT ,V55 ,V25 ,

,TS7 ,PS7 ,V7 ,AM7 ,AM25
_MB ,TS9 _PS9 _V9 _AM9

_FGMD _VJM tFGMM _FGPD ,FGPM

_WGT ,FART _FG _FN _SFC

6WA32 _DPWGDS,DPWING,WA32DS_A38 ,AM3B _V38 ,T38 t
7H3B _P38 ,TS38 _PS38 tT3Q tH39 _P39 _TS39
8V39 _AM39 _A39 ,BPRINT_WG37 _CVDWNG_FGMWNG,FGPWNG_

9FNW|NG,FNMA[N_FWOVFN_PS39 jFFQVFN_FCOVFN_FMNOFN_FNOVFO_

SVJW ,T22 ,P22 _H22 ,$22 _TSO ,'SO _HS0

COMMON /ALLS/

IS50 _WA22 ,ZI ,PCNI ,CNI ,PR| ,ETAI _WACI
2TFFIP _CNIP _ETATIP_OHTC[P,DHII ,BLIP _PCBLIPtPCNIGU,

1

2
3
4

5
6

7
B
9

lO

11
12

13
16
15

16
17

18
19

20

21
2;'

23
26

25
26
27

28
29

3O
31

32
33
34

35
36
3T

38
39

40
41

42

46

65
66
47

48
69

50

51
52

53



100

I01

12

13

3ZIDS tPCNIOSIPRIDS pETAIDStMAIDS tPRICF IETAICFtMAICF t

6TFIPDSwCNIPDSjETIWDStTFIPCFtCNIPCFeETIPCF_DHIPCFIWAICOS_
5MAi IPCBLI eBL! sT22DS tMA21 oMG50 tFARSO IA26

6AN23 , OUMSPL, F XF Iq2M_ F XN2CP t AFTFANt PUNT t PCBL IDpPbDSAVt
TAM6DSV,ETAASV,FARTSVIT6PBL ,T61 mFAN ,ISPOQt.

COMMON /VOLSI VFANpVINTCtVCOMPtVCOMBtVHPTRBpVIPTRBI, VLPTRBtVAFTBNt
1 VFDUCT tVMDUCT

COMNON /FLOWS/ MAFP_MAIPtMACP
CONHON /UNITS/ SI

LOGICAL FXFN2N,FXN2CP_ DUM._PL. FAN, S!

COMMON ! CONPIC;NX|IS)ePRX( 1St ].5)eMACX(15tlS) oETAX(15tL§)t

INCN_NPT|15)
DINENSION Q(g)_MLH|2)

DATA AMORO_MLH/6HCOCQNPtbH ILO) jbH (H|) /
MORDaAWORD

IF {SI) GO TO 100
TSTD=,SI 8,668
PSTO_ 1,0

RA:,,.0252
AJ:'2,7 L9
GO TO 101

TSTO:'288,16g
PSTD:'101325,

RA:'286*9
AJ=I,0

THETA:" SQt_T ( TZ1/TS TO I
DELTA"P21/PSTD

IF IIOES,NE*I) GQ TO 1
THETAO'THETA

MACOS:'MAC
MACC:'MAC_'THETA/DE LTA

IF (,NOT,FXNZCP) PCNC-PCNCDS
IF (,NOTeFXN2CP) (;13 TO 2
SPEEOS OF NIOOLE AND INNER SPOOL ARE Title SAME

SPDM[ D,,.C N [_I, SQRT( T 22/TSTO )
CNC:SPDM ! D/THE TA

P CNI£..,,,100. t, CNC,t,T FIETA/THETAD
IF (|OES,EQ,I) PCNCDS:,PCNC

CNC'-PCNCSTHETA D/( 100-_ THETA )
IF (ZC,LT,O*) ZC:'O,

IF (ZC,GT,L,) ZC:'I,
CNCS:,CNC

IF (ISPOOL,EQ°I) GO TO 12
CALL SEARCH IZC,CNCpPRC;MACC_ETAC_CNXI1)tNCNpPRX(I_I)pMACX|I,I|_ET

lAX( It 1) pNPT(1) t 15t 15_ |GO)
GO TO 13
PRC: 1°

ETAC:," 1.
wAC"WA21
wACC-,M AC_,THETA / DE LTA

CNC=L,

PRCCF:I*
IF INOOE,EQ,I) GO TO
IF (ICNC'CNCS)eGT,O, OOO_CNC) NAPEDG'I

IF (IGOeEQ°I,OR*IGO.EQ,21 MR|TE (819) CNCS,MLH(IGO!
MAC"MACCeDEL TAI TH ETA

IF (IDES°NE*I) GO TO 5
TZIOSsTZI
IF (ISPOOLoGE,,2) PRCCF"(PRCOS-1.)/(PRC-I.)
ETACCF"ETACDSI ETAC

|F (ISPOOL*EO*I) ETACCF"I*O
MA.CCFuMACDS/MAC

MR/TE (6ylOl' PRCCFtETACCFtMACCFeTZIOS
PRC:PRCCFS'( PRC- le )4.1e
ETAC:,,ET&CC FrET AC

MAC=.MACCFt MAC

MACP-NAC
fF |eNOT,DUNSPLeORePCBL|DeNEeOe,OR=,NOTeFAN) GO TO b

WAZZ,.MAC
MAI=MA22
IAC I-NACC tMACC F

WA32=MA|-MAC
BL |=WA32

NAZI-MAC

56
55

56
57

59

6O
61
62
63

65
66
67

68

6q
7O

T|
72
T3

76
75
76
77

78
79

80

81
82

83
86
85

86
87

88
89

9O
gl

92
93

9_
95

96
9T

98
9q

100

101
102
103

106
105
106

10T

108
10g
110

111
112
113

I16
115

116
117
118

11g

120
121

122
123
126
125

126
12T

35



18

19

2O
21

C
C

C
9
LO

11

wACG=.NACC_WACC F
PCBL[=SL!/NAI

CALL NDUCTI

IF |PCBIlD.EQ.Oo) ERRIT)=|WAC-WAI)IWAC
IF (.NOT.FAN) ERRIS)=(WAF-_AC-BLF)/WAC
IF (%DES.EQ.IoAF_).PCBLID.EQ.0o) ERRITI=IoE-6

CALL THCONP |PRCoETACtTZLmH2LoSZLmP2LtT3tH3oS3eP3)
iFIVCONPoEQ.O.O) GO TO 21

Q|2)=O.O
Q(3)=O.O

H3P=H3
P3OOT=OER IV(Bt P37

CONT INUE
CALL THERNO|P31H3 _T3 pS3_ XXZ tO t O.Oi O)
WAC_WACP-P 3DOT • VC OHP/T 3/1 • 6/R A

U3-H3- AJ_RAaT3
U3DOTaDER X V ( 9 t U3)
H3X_ ( WACP*H3P-( WACP-WAC) _U3-U 300T_P3*VCOMP/T3/RA) / HAC

E RR_I* (H3-H3X)/H3

D XRsSQRT(ABSIH3/H3X) )

CALl. AFQU|R(QII)_T3_ERRHIO._20-pO,OOOI_DIR_T3T_IGO)
GO TO (19,21_20)o IGO
T3=,T3T

GO TO 18
CALL ERROR

CONT |NUE
iF (PCBLC.GT,O,) 8LC='PCBLC_WAC
WA3_HAC-BLC

BLDU'PCBLDU_BLC
BLOB'PCBLOBtBLC

BLHP..PCBLHP_.BLC
EL [ P- PCSL ! P_8LC
8LLP:PCSL LP_I'BLC

iF (MODE.NEol) GO TO 7
[F |ABS(CNC-CNCS)oLEeO,OOL_CNCS) GO TO 8

WRITE (BiLl) CNCSoCNC
CALL ERROR
PCNC- LO0 ._THET A*_C NC/THE TAO

CALL COCON8
RETURN

FORMAT 119HOS * * CNC OFF HAP.FLO.6.ZXAb. LLH_ : *S$$$SS)
FORMAT |18HOCOMF_ESSOR DES|GNp6XSH PRCCFutELSeSISH ETACCF:tEIS.8_

18H WACCFn_EIS.8tSH TZLDSztELS. 8)
FORMAT (IOHOCNC WAS" pELSe8tIIH AND NOWa BE15. St26H CHECK PCNC [

_PUT$$$SSS)
END

LZO

LZ9

130

131

132

133

L36

135

142

1_7

169

150

LSL

1_3

156

15e

160

161

L62

163

16_

L65

166

16T

168

169

170

171

1T2

LTS

1T6

$[BFTC CODUCT

$U_OUTINE COOUCT
COMMON /WORDS/ WORD

COMMON IDES|GN/

1IDES _JDES _KOES _MODE _[NIT _|DUMP _[AMTP _[GASMXt
2| DBL_N_ |AFTBNt [ OCO t|MCD t [ DSHOC _ | MSH_ _NOZF LT _ | TRYS t

3LOOPER _ NGMAP _ NUMMAP _MAPEOG_TOLALL _ERR | q I
COHMON /ALLL/

1PCNFGU_PCNCGU_T/tGU tOUMD1 tOUMO2 tDELFG _OELFN tDELSFC_

2ZFD$ _PCNFDS,PRFOS ,ETAFDS,WAFO$ ,PRFCF _ETAFCFoWAFCF
3ZCDS _PCNCDS,PRCDS _ETACDS_WACOS _PRCCF _ETACCF_WACCF •

6T60$ _WFBDS t OTC_$tETABOSo_A3CDStOPCOOStOTCOCF_ETA_CFo
5TFHPDS_CNHPDStETHPOSrTFHPCFtCNHPCF_ETHPCF_DHHPCFtT20S
6TFLPDSeCNLPOStETLPOStTFLPCF_CNLPCFtETLPCF_OHLPCF_TZID$

7T24DS eWFDDS _DTDUOS,ETAOOS,WA230SeOPOUOSeOTOUCFtETAOCF,
8T70S _WFADS eDTAFDStETAADSeWGbCDStDPAFOS_OTAFCFeETAACFe

9A55 _A25 tAb ,AT _A8 _A9 _A28 _A29
$PS55 _ANS5 tCVDNOZ_CVMNOZtASSAV •AqSAV tAZSSAVtA29SAV
COMMON /ALL2t

L

2

3
6
5

6
T

8
9

10

LL
12

_3
16
15

16

17
18

36



|T| IPX tH£ tS[ eT2 yP2 _H2 tS2 i
2T21 tP2X eH2X _$21 tT3 tP3 pH3 _S3 t

3T6 eP4 fH4 eS6 eT5 tP5 tH5 mS5 s
6T55 tP55 _H55 tS55 tBLF tBLC tBLDU tBLOB

5CNF pPRF _ETAF _MAFC wWAF pWA3 eWG6 pFAR6
6CNC tPRC tETAC _WACC tMAC tETAB _DPCOM tOUMP t
7CNHP t ETATHP_OHTCHPtDHTC IBLHP eWG5 eFAR5 jCS t

8CNLP jETATLPtDHTCLPtDHTF mBLLP tMG55 eFAR55 tHPEXT t
9AM eALTP tETAR tZF tPCNF tiC t PCNC tMF8 t
STFFHP eTFFLP tPCBLF _PCBLC _PCBLOUtPCBLOBjPCSLHP_PCBLLP

COMMON /ALL3/

1XP1 vXWAF jXWAC tXBLF tXBLDU _XH3 t C_JMS1 tDUMS2 I
2XT21 _XP21 _XH21 tXS21 vT23 _P23 tH23 sS23 t

3T26 tP26 eH26 eS26 eT25 eP25 eH25 e525
6T28 tP28 _H28 _$28 eT29 tP29 _H29 IS29

5MAD tMFD _MG26 tFAR26 tETAC pDPDUC jBYPASStOUMS3
bTS28 ePS28 eV28 tAM_8 eTS29 ePS29 tV29 eAM29

7XT55 eXP55 tXH55 tXS55 tXT25 _XP25 tXH25 _XS2_ t
8XNFB eXWG55 eXFAR55_XMFD _XNG26 _XFAR26tXXP[ _DUMB
9T6 eP6 tH6

$T8 _P8 _H8
COMMON IALL6/

1MG6 e_FA _G7
2PS6 iV6 lAMb

3TS8 ePS8 ,V8
4VA eFRD _ VJD

5FGM _FGP t_FT

tS6 eT7 eP7 tH7 eS7

_$8 tT9 _P9 _H9 eS9

eFAR7 _ETAA eDPAFT eV55 _V25
tTS7 _PS7 tV7 tAM7 tAM25 ,

_AM8 tTS9 _PS9 tVO tA_ I_
tFGMO eVJM _FGMM _FGPD tFGPM

_tdGT _FART eFG _FN _SFC
6MA32 _OPMGOS_DPMINGtMA32OStA38 _AM38 tV38 tT38 ,

71't38 _P38 _TS38 _PS38 _T39 _H39 _P39 _TS39
8V39 tAM39 eA39 tBPRINT_WG37 _CVOWNGtFGMWNG_FGPMNG_
OFN_ING_FNNAIN_FMOVFNeP$39 _FFOVFN_FCOVFN_FMNOFN_FNOVFD_

SVJ_ _T22 _P22 eH22 eS22 _T50 _PSO )HSO
COMMON /ALLS/

1S50 ,MA22 _ZI _PCNI ,CN[ ePRI eETAI e_ACI

2TFFIP eCNIP _ETATIPtDHTCIPtDHTI eBLIP ePCBLIPtPCNIGUe
3ZIDS _PCNIDS_PRIDS _ETAIOS_MA[OS _PR[CF _ETAICFt_AICF
6TFIPOSeCNIPDStETIPOStTFIPCFeCNIPCF_ETIPCF_DHIPCF_MAICDS_

5WAI tPCBL! _BL[ tT220S _NA21 _WGSO eFARSO tA24 t

6AHZ3 _OUMSPL_FXFN2H_FXM2CPtAFTFANtPUNT _PCSLIO_P6DSAV_
7AN6OSVtETAASVtFARTSv,T6PBL tT6[ _FAN t[SPOOL

COMMON /DYN/ [TRANeTiME_OTtTFtJTRAN_NSTEPtTPRiNTeOTPRNT
COMMON IVOLS/ VFANtVINTC_VCOMPeVCOMBeVHPTRBeVIPTRB_VLPTRB_VAFTBN_

I VFDUCT_VMDUCT
COMMON/MHRERR/ICOAFBeICODUC_ICCMIX
COMMON/UNITS/SI

LOGICAL SI
LOGICAL AFTFAN
DIMENSION QIO)

OATA AMORDI_AHORD21bHCOOUCT_6HONOZZL/
_ORO-A_ORO1

QI2)-O,

Q(3)-O.
GOGO=O°O
IF (SKI GO TO 100
AJ-TT8e2b

AJX-2°719
CAPSF-ZllboZ170

G-32o176069
TSTO=518.67

TDEL'2000-0
TMAX=6000°O
RA'_0252

GO TO 101
100 AJ'I.0

AJX-I°O
CAPSF'101325eO

G'l,O
TSTO-Z88°15
TDEL=1111°O

TMAX'2222oO
RA'28b.?

101 CONTINUE

ICOOUC-O
MAX_MAF-MA[-BLF

19
20

2[
22

23
26
25

26
27
28

29
30

31

32
33

36
35
36
37

38

39
_0
61

62
63

44
65
66

47

48
69
50
5[

52
53
5_

55
56

57

58

59
60

61
62
63

b_

65
66
6T
68

69
70

71
72

73
7_

75
76
77

78
79
80

81
82

83

8_
85
86

87
88
89

90
91

_2

3_



6
7

C_ml,$

C4.1r$

IF (PCBLIOeEQ-O.) HAX-WAF-WAC-BLF

IF (AFTFAN) UAX-WA_BLF
NA_HAX+BLDU

P2_PZ2

DRY LOSS

H23-_" | BLDUSH3÷WAX_ H22) I t4AD
CALL THERNO (P23mH23tT23_S23_XX2,1mOoOtl)

'd A23Cs_AO'ICSQKT ( T23)/P23
IF (IDES.E@.I) WA23DS"WA_3_
BYPASS -_ ( NAF-h(A | ) / tlA[

IF (AFTFAN) BYPASSuNAF/WAI
DP DUC- OP OUDSt (WAZ 3C/WA 23DS )

IF (DPDUCeGT,I,) OPOUC'IoO
PZ`;:PZ3_'( I°-DPOUC )
CALL PROCON (O,,T23tXXllXX21XX3tXX`;tPHX23tXX6)

iF !IGASMXoGToO) [DBURN'O
AM26,,AM23

T S 2`;-TZ3_O ,, 875

O0 2 [:'ltlS
CALL PROCON (Oo_TS2`;tCS2`;tAK2`;tCP2`;tREX261PHIS2`;,HS2`;)
V 2_-AMZ_'C $26

HSCAL,J H23"-V 2_4'$2f (2. _G_AJ )
DELHSsHSCAL-HS2`;
iF (ABS(DELHS)eLE.OeOOI'kHSCAL) GO TO 3
T $24_,T S26+OELH S/C P2`;

I COOUC-1

GO TO 11
C L,,P265SQRT (G/( T23_A J) ) $CAPSF
IF i[OES°NE.1) GO TO `;
IF (GOGO.GT°O.) GO TO 6

ASTOA,,(IAK2_÷I.)/2.)_re((AK26+I.)/(2,$(AK2`;-I.) ))$AM26511.÷! ( (AK2_-
1 E,,,)/2.)_AN24_$2) )$$(-(AK26+Ie)/I2,$iAK2_I° )) )

EOWCRJ SQRT I GSAK 2`;/RE X26/AJ ) / ( SQRT( TSTO )/CAPSF) $( 2. O/( AK26+ 1, ) )

15( ( AK2`;+Io )/2. / (AK2d_-I.))
tdA 23CC-tJA23C ISQRT | TSTO )
A2_ 1,/ASTOASNA23CC/EQHCR

GOGO,, 1,0
WQA-HAO/A2`;

WQAT=,C 1 $SORT ( AKZ6/RE XZ`;) $AN26 / ( 1 ,+ | AK26-1, )_AN 2_$_ 2/2, ) st ( ( AKZ`;÷ 1,
t)/(2°_'(AK2_I.) ))
0 [ Ra'WQA/WQAT

E _" (WQA-UQAT)/hlQA

CALL AFQUIR (Q(IIwAM2`;_EWtO._30, tOeOOIjD[RtAM26TlIGO)
IC013UC"2

GO TO 15_6tll)piGO
AM2`;- AN2`;T
IF (AM2`;.GT,,leO) AM2`;.-O°5

GO TO t

PSZ_"PZ6/EXP( (PHI 2_PH I $2`;)/RE XZ`;)
IF ([OBURNeGT,O) GO TO 8

NON-OUCT BURNING
T26-T23
b4FD-Oe

FARZ6sO
GO TO IT

IF (IDBURN .EQo 2) TZ6..TZ3+TDEL

IF (TZ6 oGT. TNAX) TZ`;:,,,TMAX
IF (TZ6oLTeT23) T26,,T23

DUCT BURNING
RHO`;2-CAP SFSPSZ6/(AJ_REXZ`;$TS26)
PS`;2-PS26

V62_,V2`;
Q( 2),,0.

Q ( 3)-0,
IF (T26 oLT, T23) T26 = T2351o001
IF DES|REDt ENTER CALCULATIONS FOR ETAO HERE
IF ISI) T24_T2&eg°O/5,0

HV,,! ( ( ( ( !-,`;596311E-195TZ6)-, 20361 16E- 15 )$T2 _+. 27836`;3E-11 ) eT2`;÷,2

1051501E-O 7) _TZ6-. 265311bE-03) $ T26- ,9`;3329bE-01 ) eTZ&_, 18_5537E÷05
IF (SI) TZ_,,T2655.0/9,O

IF ISl) HV-HV*_2325,`;295
CALL THERM(3 (P2`;tFLA,T26_XXI_XX2tO,O,O_O)
F AR2`;_ ( HA-HZ3 ) / I H_ETAO)

IF IFAR2`;°LTeO°) FAR2`;-O,

93

q4
9_

96

97
q8

100

101
lOZ
103

10`;
105

106
107
108

110

111
112

113
I1`;
115

116
117

118
119
120

121
122

123
124

125

126
12T

128

130
131
132

133
13`;

135
136

137
138
139

160
161
142

1';3
16`;

1`;5

1`;?

l`;B

1`;9

151
152

153

155

156
15?
158

159
160

161

162
163
16`;

165
16_5

38



MI* UXxPARZ_tlAD

IF |IOBURNeNE,2) GO TO |Z
ERRth, ( tlFO..WFOX )/M FO

DIR=$QRT( blFO/MFOX )

CALL AFQU|R (Q(IIeT261ERRMIO. t20.00.OOOItOIRtTZ4TelGO)
l CODUC-3
GO TO (lO:1311|)t |GO

10 T2qaT24T
GO Tn •

11 CALL ERROR

lZ MFO,,tdFDX
13 CONTINUE

C'IL_ i MOMENTUM LOSS
MGZ4,,klFD+MAD

CALL PROCOM (FAR24pT24_,XXIeXX2,XX3tREX26ePHI24eH24!

RHOZ4-CAPSF*P24 I( AJ*RE XZ4*T24 |
V26..WG24/I RHO24_A 24)

Q(2)-O.
Q ( 3)-0°
P $26-..P $62-0.01

14 RHO24a.tdG24/( V24SA 261
HS 26-H 2_v-V 24._2/! 2oSG*AJ)
CALL THERMO (1.0, HS24tTS24,PHIS26_XX2tlfFARZ4p1;
[F (TS24.GE.301.) GO TO 15

_.ALL THERMO (I.0_HS24tTOOetPHISZTtXX2pl,FARZT, 1)

V26=SQRT ( 2°*G'A J* (H24-HS24))
GO TO 14

15 PS24=RHOZ_._AJ_REX 2_TSZ41CAP SF
P S24A=P$42+ (RHO 62/IW42 _I'_2-RH026_'V Z4,1-I,2 ) / ( C-_CA PS F)

OIRuSQRTI ABSIPSZ4/PSZ4A) )
EP=( PS26-P $24A )/P $24

CALL AFQUER (Q(1) _V24tEP,O°tSO°_OeOOl_DIReVZ4TsIGO)
VZ_V24T
IF (VZT°LT.25.) V24"25.

ICODUC-4
GO TO (14t16_11)t IGO

lb P26..P S24_EXP( ( PHI 24-PH IS 24 )/RE XZ4)

CALL PROCON (FARZ4tTS24tCSZTpXX2tXX3mXX4tXXStXXb)
AMZ_-V24/C $24

JL7 CALL THERMO IP24, HZT_TZTmSZ4fXXItltFARZTBO)
MGZ6-WFO+WAD

IF(VFOUCT°EQ°O.O) GO TO 31

Q(2)..O.O
Q(3)-O.O
MGZ4P..#GZ4

H24Pa, HZ6
P2400T"DER I V ( ZO mP 24)

Z8 CONT|NUE

CALL THERMO(PZ4 pH 24e TZ4_ $24t XX 211t FAR24t O)
MGZ4=MGZ4P-P2400TeVFDUCT/T241 (I°4_RA)

U26_HZ4"A J X#RA_T2 4
U24DOT"DER IV| 21,U24)

HZ4X,. ! MGZ4PSH24P- (h4GZ4P-MG24) • UZ6-U2400T _P 24_VFOUCT/TZ4/RA
I WGZ4

E RRid.. ( H26-- H24X )/H24
O I R,.$QRT | ABS (H24/HZ4X) )

CALL AFQU|RIQ(I)tTZ4,ERRMtO._EO*_O*OOOItOIReTZ4TelGO)
! COOUC=5
GO TO (zg,31,]O)e IGO

Z9 TZ4_'TZ4T

GO TO Z8

30 CALL ERROR
3,1 CONTINUE

TZ_"TZ4

PZS=P26
HZ_=HZ4

SES,,SZ4
AMEg=AMZ6
IF (|GASNXeGT*O) GO TO Zl
MORD-A_RDZ

AZOSAV=AZB
AZgSAV"A;_9

NOZD=O
I DNOZ =0

)!

16T
168
169

170
171

172
173

176
175

176
117
178

179
180

181
182

183
184

185
186
187

188
189
190

191

192
193
194

195
196

]L97
198

][99
2OO
201
202

203
Z04

2O5
ZOb

207
208

209

210
211
212
213

214
215
216

217
218

219
220

221
22Z

223
226
Z25

226
2Z7

2Z8
22.9

230
231
232

233
236

Z35
236
23T
_38

239

24O

39



IF INOZFLTeEQeZdOR.NOZFLT.EQe3) NOZD'1

IF I IDESeEQ*I*OR*IDBURNeGT-OeOReNOZD.EQ*I) [DNOZ=I
IF( ITRANeEQ. 1) [DNOZ:O
IF (IOCOoEQ*I) GO TO 18

CALL CONVRG (T2SsI'IZSIPZSIS25pFARZ_tWG269PltlONDZ_A28BP25RtT28_H28t
1P2BDSZBtTSZBtPS28tV28tAH28tlCON)

GO TO (19tlgtlgtll)_lCON

18 CALL CONDIV (T2S_H25tPZStS25tFARZ6_WG26vPItIDNOZtA28BA29,P25R_T28,
1H28_P28_S28vT29_H29tP29*SZ9_TS28tTSZ9_PSZ81PS29tV28_VZ9_AN28_AN29j
2[CON)

|DSHOC'ICON
ICOOUC-6

GO TO (20t2Om20tll),ICON
19 T29mT28

H29-H28
P29"P28

$29mS28
TS29-TS28
PS29"PS28

V29"V28

AN29"AN28
A29"A28

IDSHOCmICON÷3
20 ERRIS)=IP25R-P25)/P25R

IF ([ONOZeEQ*I) WRITE (6_22) A28_AM28pA29_AN29
211CODUC=O

CALL FASTBK
RETURN

C
C

22 FORNAT I19HOOUCT NOZZLE DESIGNtSXBH

lt8H A29=tE15-BsBH AM29=tE15eB)
END

A28-,El§.8_BH ANZ8-tE15.8

241
242

263
2_
245

246
267

248

269

250
251
252

2S3
254
255

256
2S7

258
259

260
261

262
263

266
265
266

267
268
269

270
271

272
273

40

$IBFTC COFAN

SUBROUTINE COFAN
COMMON /WORDS/ k13RD

COHI_ON /DESIGN/

1IDES _JDES tKDES tHOOE ,INIT tIDUMP tlAHTP _IGASHXt

2IDBURNtIAFTBNtIOCD _IMCD I[O SHOCe[MSHOCtNOZFLT_ITRYS
3LOOPER_NOMAP tNUNMAP_MAPEDGtTOLALLtERR(9)

COMMON /ALLI/

1PCNFGUsPCNCGUtT6GU tDUNDL rOUND2 tDELFG pDELFN IDELSFCI
2ZFOS ePCNFDSsPRFDS _ETAFDStwAFDS _PRFCF _ETAFCFeWAFCF t

3ZCDS _PCNCDStPRCOS _ETACDS_CDS t PRCCF _ETACCF_HACCF
6T60S _WFBDS _DTCOOS_ETABDS_WA3CDStDPCDDS_DTCOCFeETABCF_

5TFHPDS_CNHPDS_ETHPOS_TFHPCF_CNHPCF_ETHPCFtDHHPCF_TZOS
6TFLPDS_CNLPOS_ETLPOS_TFLPCF_CNLPCF_ETLPCF_DHLPCF_T21DS
7T26DS _HFDOS _DTDUOS_ETAODS_AZ3DS_DPOUOS_DTDUCF_ETAI)CF_

8TTDS _WFAOS _DTAFDStETAADS_G6CDStDPAFOS_OTAFCF_ETAACFt

9A55 _A25 _A6 tA7 tAB _A9 _AZ8 _A29
SPSSS _AMSS _CVDNOZtCVMNOZ_ABSAV _A?SAV _A2BSAV_AZgSAV
COHHON /ALL2/

1T1 tP1 _H1 _$1 ,T2 _P2 _H2 _$2
2T21 _P21 tH21 tS21 _T3 tP3 _H3 tS3

3T6 tP6 _H6 _S_ _T5 _P5 _H5 _$5
6T55 tP55 tH55 _$55 _BLF _BLC _BLOU _BLOB

5CNF _PRF _ETAF _WAFC ,WAF _A3 _G6 tFAR6
bCNC _PRC _ETAC _ACC _WAC _ETAB tOPCOH tDUHP
"/CNHP _ETATHP_DHTCHP_DHTC _BLHP _WG5 _FAR5 _CS

8_NLP _ETATLP_DHTCLP_DHTF vBLLP t_G55 tFAR55 _HPEXT
9AM ,ALTP _ETAR _ZF _PCNF tZC ,PCHC _FB
$TFFHP _TFFLP ,PCBLF ,PCBLC _PCBLDU_PCBLOB_PCBLHPtPCBLLP

_OMMDN /ALL3/

IXP1 _X_AF _XWAC _XBLF _XBLDU _XH3 _OUMSI _DUMS2

2XT21 _XP21 _XH21 _XS21 _T23 ,P23 _H23 ,$23
3T26 ,P26 _H26 _$26 _T25 tP25 ,H25 _$25

6T28 _P2B .H28 _S28 _T29 ,P29 ,H29 ,$29 ,

5WAD _FD t_G26 _FAR26 _ETAO _OPDUC ,BYPASS,DUNS3 ,
6TS28 _PS28 _V28 tAN28 _TS29 _PS29 ,V29 _AN29 ,

1

2
3
6

5
6

7
8

9
10

11
12
13

14
15

16
17

18
19
20

21
22

23
24
25

26
27

28

29
3O

32
33

36
35



I00

101

7XT55 tXP55 IXH55 ,XS55 ,xT25
8XMFB pXMG55 ,xFAR55,XMFD ,XNG26
9T6 tP6 tH6 ,$6 ,TT

$T8 ,P8 tH8 ,$8 ,T9
COMMON /ALL6/

IWG6 ,WFA ,MG7 eFAR7 tETAA

2PS6 ,V6 pAM6 tTS7 ,PS7
3TS8 oPS8 ,V8 ,AM8 ,TS9

6VA wFRD tVJD ,FGMD eVJM
5FGH sFGP tMFT ,HGT ,FART
6WA3Z tOPWGDStDPNING_WA3ZOS,A38

TH38 ,P38 ,TS38 tPS38 ,T39
8V39 eAM39 ,A39 eBPRINTeNG37

,XP25 ,XH25 ,XSZ_ ,
wXFAR24,XXP1 eDUMB e
,P7 ,H7 ,$7 ,

,P9 ,H9 ,$9

mDPAFT tV55 tVZ5 ,

jVT _AMT pAN25 e
ePS9 tV9 ,AM9 t
_FGMM eFGPD ,FGPM s
tFG ,FN ,SFC t

tAM38 ,V38 ,T38 ,
eH39 ,P39 ,TS39 ,

eCVDMNG,FG_NG,FGPMNGe
9FNMING,FNMAIN,FMOVFNpPS39 ,FFOVFNeFCOVFNpFMNOFNeFNOVFDt
SVJW ,T22 ,PZ2 ,H22 ,$22 ,TSO ,PSO eHSO

COMMON /ALLS/

ISSO ,WA22 ,Zl ,PCNI ,CNI _PR! _ETAI tMACI ,

2TFFIP _CNIP ,ETATIP_DHTCIPtOHT[ ,BLIP ,PCBLIPtPCNIGU,
3ZIOS tPCNIDS,PRIDS tETAIDS,MAIDS tPRICF _ETAICFpMAICF e

6TF|PDSeCNIPOS,ETIPDSeTFIPCF_CNIPCFtETIPCF,OHIPCF,MAICDS,
SNA| tPCBLI eBLI rT22DS eWA21 ,WGSO _FARSO _A26

6AM23 ,DUMSPL,FXFI_2M,FXMZCP_AFTFANePUNT e PCBLIOtPbOSAVt
7AM6OSV,ETAASV, FAR TSVtT6PBL ,T61 ,FAN ,[SPOOL

COMMON /DYN/ iTRAN, T|MEtDT,TFtJTRANINSTEPtTPRINTtDTPRNT
COMMON /VOLS/ VFANeVINTCtVCOMP_VCOMB_VHPTRBtV|PTRB,VLPTRBeVAFTBNe

I VFDUCT,VMDUCT

COMMON /FLOWS/ WAFPtWAIP_MACP
COMMON /UNITSf S|
LOGICAL SI

LOGICAL FXMZCP

COMMON / FAN/CNXilSItPRX(15,15),MACXIISp15)_ETAXI15,15),
LNCNtNPT(15)

DIMENSION Q(gI,WLH(2)
DATA AWOROtMLH/bH COFANebH (LO) tbH (HI) /
MORO=A_ORD

IF (SI) GO TO 100
TSTO_518.b68
PSTD_I.0

RA=.0252
AJ=Z.T[9
GO TO 101

TSTO=288oI69

PSTD=101325.
_A=286.9

AJ-I.O

THETA=SQRT|T2/TSTD)
DELTA-P2/PSTD
IF (IOESeNE°I) GO TO 1
THETAD=THETA
WAFDS-_AFC_DELTA/THETA
CNF=PCNF_THETAO/(IOO**THETA)

IF (ZF*LT*O.I ZF=O*
IF (ZF.GT.I.) ZF=I.

CNFS'CNF

CALL SEARCH (ZF_CNFtPRFeNAFC_ETAF,CNXIL)_NCN_PRX|I_II_MACX(I_I)_ET
IAX(I,I),NPTII),IS_IS,IGO)

IF ((CNF-CNFS).GT_O.OOOS_CNF) MAPEDG=I

IF (IGO.EQ.I.0R.|GO.EQ.2) MR[TE (8t12) CNFS_LH(IGO)
NAF=MAFC_OELTA/THETA

IF ([OES.NE.1) GO TO 2
PRFCF=(PRFDS-I.I/IPRF-I.;

ETAFCF=ETAFDS/ETAF
MAFCF-MAFDS/MAF

NRITE (6t13) PRFCF,ETAFCFt_AFCFtTZO$
PRF=PRFCF=(PRF-I.)+I.
ETAF=ETAFCF_ETAF
MAF=MAFCF_WAF

MAFP=MAF
MAFC=_AFC_AFCF

PCNF-IOOe_THETAtCNF/THETAO

DUMOI=PCNF
CALL THCOMP (PRF, ETAF,TZ,H2,S2_P2_T22,H22,S22_P22)

[F(VFAN.EQ°O.O) GO TO 21
0(2)=0o0

36
37

38
39
60

41

42
63
q_e
65

66
_7

_.8
69
50

51
52

53
56

55
56
57

58

59
60

61
62

63
66
65

66
67

68
6q

70
71

72
73
76
75

76
77

78
7q

80

81
82

83
8_

85
86
87

88
8q

9O
9[

92
q3
96

'95

96
97
98
99

100
101

102
103

106

105
106
107

108
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18

19

2O

21

8
9

10

11

C
C
12

13

16

QI3)'O*O
H22P-H22

P2200T=DERIVt4_PZ2)
CONTINUE

CALL THERNO(PZZ_H22vT22eSZZ_XX2fOpO*OtO)
MAF=MAFP-P22OOT*VFAN/TZZ/Ie6/RA

UZ2"H22-AJ*RA*T22

UZ2DOT=DERfV(SpU22)
H22X-(WAFP*H22P-(MAFP-MAF)*U2Z-U2200T*PZ2*¥FAN/TZZ/RA)IMAF

ERR_-(H22-H22X)/HZz

DIR-SQRT(ABSIH22/H22X))
CALL AFQUIR(Q(1)jT22,ERRW_O*t20*,OoOOOltD[R_T22T,[GO)

GO TO (19_21_20)_ [GO
T22"T22T
GO TO 18
CALL ERROR

CONTINUE
IF (PCRLF.GTeO,) 8LF=PCBLF*WAF

]F (JDES.EQ.[) GO TO 9

JDES=I
IF ([NIT.EQ.I) GO TO 8

IF (IOES*EQol) GO TO 6
[FIJTRANeEQ*I) GO TO 8
IF (MOOE*NE.2) GO TO 3

T6=GUESS(3pYI_Y2BPCNFfPCNFDStNFBe_FBDSvYT,YRtT6DS)
PCNI'GUESS(8fT6tT60S_Y3fY4pYStYb,T22tT22DS_PCNIOS)
PCNC'GUESS|6tYlpY2ePCNItPCNIOSpMFBt¼FBOStYTtYB_PCNCD$)
GO TO 7

IF (MOOE°EQol) GO TO 5
IF (MOOE.EG.O) GO TO 4

T6=GUESS(TIYI_Y2pPCNFePCNFDSeYStYb,TZtT2DS_T60S)
CONTINUE
PCNC=GUESS(SeT6tT6DSfY3eY61YStYbeT22_TZ2DStPCN_OS)

IF (FXN2CP) PCNC=PCNCDS**99

PCNCG1-PCNC
PCNCG2_PCNCDS
PCNI'GUESSIgeYItY2tPCNCGI_PCNCGZ_YstYbtT2ZIT2ZDSpPCNIDS)

GO TO 7

T6=GUESS(btYItYZ_PCNC_PCNCDS_YS_YbeT22eT220S_T4zOS)
PCNIuGUESSIReT6tT4R)SpY3eY4vYS_Yb_T22_T22DS_PCNIO$)
GO TO 7

PCNC-PCNCOS
PCN|-PCN[OS
T6-T6DS

MFB=MFBDS
T21DS'T21

ZC'ZCOS

Zi=ZIOS
PCNIGU=PCN[

PCNCGU-PCNC
T6GU"T6
INIT'O
IF {NOOEeNE-3) GO TO 10

IF IABS(CNF-CNFS).LE*O.OOI*CNFS) GO TO [1

MRITE (8_1_) CNFS,CNF
CALL ERROR
PCNF-IOO.*THETA*CNF/THETAO

CALL CO[NTC
RETURN

FORMAT (19H0" * * CNF OFF NAP,FlO*4_2XA6tIIH_ * *S$$$$S)
FORMAT (11HOFAN DESIGN_I3X8H PRFCFm,EISeR_RH ETAFCF=_EISe8.8fl MA

1FCF=eEIPeR_8H TZDS-_E15°8)
FORMAT (IOHOCNF MAS" ,EIS°8_11H AND NON" _EIS°Rt24H CHECK PCNF [

INPUT$SS$S$)
ENO

110
111
112

113
114

115
116

117
118

11q

120
121
122

123
126
125

126
127

128

129
130
131

132
133
136
135
136

137

139
160

161
162

163

166
165
146

167
168

169
150
151

153

156
157

158
15q

160
161
162

163
166
165

166
167

168

lb9
170
171
172

173
176
175

176
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$IBFTC COHPTB

SUBROUTINE CDHPTB
CONRON IWOROSI WORD
COMMON /DESIGN/

1IDES sJOES tKDES rHODE IINIT _IDUMP pIAMTP eIGASMXI
2I DBURN t IAFTBNt I [3CD elMCO p I DSHOC e IMSHOC _NOZF LT t I TRYS t

3LOOPE R _NOMAP t NUN MAP t M AP EDG t TOLALL tERR 19 )

COMMON /ALLI/

IPCNFGU_PCNCGUtT4GU _DUMOI _DUND2 _DELFG tOELFN _DELSFCt
2ZFDS ePCNFDSePRFDS eETAFDSeWAFDS ePRFCF eETAFCFeWAFCF e

3ZCDS tPCNCDStPRCDS tETACDS_WACDS t PRCCF tETACCFtMACCF
6TCDS tWFBDS _DTCOOSeETABDSpWA3CDS_DPCOOSeOTCOCF_ETAECFt
5TFHPOStCNHPDSeETHPDSeTFHPCF_CNHPCFeETHPCFtDHHPCF_T2DS

6TFLPDSeCNLPOS_ETLPDSeTFLPCFeCNLPCF_ETLPCF_DHLPCFjT2[OS
TT26OS eWFODS tDTDUDStETADDSeWA23DStDPDUDSeDTDUCFtETADCFe

8TTOS eWFAOS eDTAFDSsETAADSmWGGCDSeOPAFOSeDTAFCFtETAACFe

9A55 _A25 tAG tAT tAB eA9 tA28 wA29 t
$PS55 pAW55 eCVONOZeCVMNOZtADSAV eAgSAV eA28SAVeA29SAV

COMMON /ALL2/

IT1 _PL tH1 tS1 tT2 tP2 _H2 _$2
2T21 _P21 sHZl eS21 tT3 _P3 IH3 eS3 e

3T6 tP6 _H6 ,$6 _T5 eP5 tH5 tS5
/*T55 rP55 rH55 eS55 tBLF eBLC IBLDU ,BLOB e

5CNF tPRF _ETAF _WAFC tWAF eWA3 _MG6 tFAR/* t
6CNC _PRC tETAC eWACC tWAC tETAB mOPCON eDUMP t
TCNHP _ETATHP_OHTCHPtDHTC _BLHP tgG5 tFAR5 eCS e

8CNLP eETATLP_DHTCLP_DHTF _BLLP _WGS5 eFARSS tHPEXT e
9AM tALTP eETAR tZF ePCNF eZC t PCNC tWFB e

$TFFHP _TFFLP _PCBLF _PCBLC ePCBLDU_P_BLOBtPCBLHPtPCBLLP
COMMON /ALL3/

IXP1 eXWAF eXWAC tXBLF tXBLDU _XH3 eDUMSI _OUMS2
2XT21 tXP21 eXH21 eXS21 tT23 eP23 _H23 _$23 e

3T2/* _PZ/* tH2/* _$2/* tT25 _P25 _H25 _SZ5 e
_28 _P28 tH28 _$28 tT29 _P29 _H29 _$29

5MAD _WFD ,WG2/* eFARZ/* _ETAD _OPDUC tBYPASS_DUMS3
6TS28 _PS28 _V28 _AM,?.8 tTS29 ,PS29 tV29 tAM29

7XT55 _XP55 _XH55 ,XS55 _XT25 _XP25 _X1"125 _XS25 ,
8XWFB _XWG55 eXFAR55_XWFO mXMG2/* _XFARZ4tXXP1 _DUM8
9Tb tP6 _H6 _$6 _T7 _P7 _H7 _S7

$T8 _P8 _H8 _$8 tT9 _P9 _H9 _S9
COMMON /ALLG/

IWGb _WFA eWG7 _FAR7 tETAA tDPAFT _V55 _V25

2PS6 eV6 ,AM6 _TS7 _PS7 tV7 ,ANT _AM25 t
3TS8 ePS8 _V8 .AM8 tTS9 _PS9 tV9 _AM9 .
6VA _FRO _VJD _FGMO tVJM eFGMM _FGPD _FGPN

5FGM _FGP _WFT tMGT tFART _FG _FN _SFC
6WA32 t OPWGDStDPWINGeWA32OStA38 tAM38 _V38 _T38
71-138 eP38 iTS38 tPS38 _T39 _H39 tP39 tTS39

8V39 _AM39 jA39 _BPR, INT_WG37 tCVOWNGtFGMWNG_FGPWNGt
9FNWING_FNNAIN_FWOVFNtPS39 _FFOVFNeFCOVFNtFMNOFN_FNOVFO_
$VJW tT22 tP22 eH2Z tS22 tT50 tPSO tHSO

COMMON /ALLS/
IS50 eWA22 _ZI ePCN[ tCNI _PRI _ETAI _WACI

2TFF[P _CNIP _ETATIPtDHTCIPtOHT! _BLIP _PCBLIP_PCNIGUt
3Z|DS _PCNIDS_PRIDS _ETAIDStWAEDS tPRICF _ETA|CFtMAICF

6TFIPDS.CNIPDStETIPDStTFIPCF_CNIPCF_ETIPCFtOHIPCJ:tWAICOS_
5WAI _PCBLI tBLI _TZZDS _WA2| _WGSO tFARSO tA2/*

6AM23 tDUMSPLtFXFN2H_FXM2CP_AFTFANtPUNT _PCBLIOtPbDSAV_
7ANbOSV,ETAASV_FARTSV_TGPBL _T/*Z _FAN t[SPO(]L

COMMON /RPMS/ XNHPOSeXNIPDS_XNLPDStPMEHP_PMIIPtPMILP
[OMMI3N /VOLS/ VFANjVINTC_VCOMP_VCOMBtVHPTRB_VIPTRB_VLPTRB_VAFTBNt

£ VFOUCT_VMDUCT

COMMON /FLOWS/ WAFPtWAIPeWACP
COMMON /UNITS/ SI
LOGICAL SI

DIMENSION Q(9)
LOGICAL FXFNZN_FXM2CPtDURSPL

COMMON IHTURD/TFFX(15)_CNX(15tID)_DHTCX(15tID)tETATX(15_[5)t
1NTFFStNPTTFF(IS)

DATA Ak_3RD_WLO_WHI/bHCOHPTB_bH (LO) _bH (HI) /
WORD-AWORD

IFISI| GO TO 100

RA-.0252
AJm2_719

1

2
3
6

5

6
?

8
9

10

11
12
13

1/*
15

16
17

18
lq

20
21
22

23
26
25

26
27

28

29
3O

31

32
33

36
35

36
37

38

39
/*0

/.1
62

/*3

65
/*6
67
68
69

50

51
52
53

5/*

55
56
57

59
60

61
62

63
b_
65

Ob
67

68
b9
70

71
72

3

43



CONFAC-le6091E-5

GO TO 101
100 RA-286.9

AJal.0
CONFAC=I.0966E-2

101 CONTINUE
IF ([SPOOL.EQ-I_ GO TO 8
TF (IOES°EO=DJ GO TO 1
CNHPCF=CNHPDS_S(aRT(T6)/PCNL

1 CNHP=CNHPCF_PCNC#SQRT(T6)

CNHPS-CNHP
TFFHPS_TFFHP

CALL SEARCH (-I. mTFFHPtCNHP_DHTCHP_ETATHPpTFFX|I)_NTFFSPCNXil,IIsD
IHTCX(l_l)tETATX(I_l),NPTTFF(IIlISl15,IGO|

IF (IGOoEQoIoORoIGOeEQoiI-OR.IGOoEQe21) WRITE 18,9)TFFHPStWLO

IF (IGO,EQ°ZoORolGOoEQ°12.QR. IGOoEQo22) WRITE (8,9) TFFHPStWH!
IF (IGOoEQolOoOR°IGOoEQ. II-0R.IGO°EQ-12) WRITE (8,10) CNHPStWLO

IF ([GO,EQ.20.OR-IGOeEQ. 21-0RoIGO°EQ.22) WRITE (8_10) CNHPS,WHI
IF (]GOoNE.7) GO TO 2

CALL ERROR

RETURN

2 NONAP=O
TFHCAL-WG6*SQRT(T6)/II6°696_P6)

BTUEXT=O.TOb7OS_HPEXT
[F|SI) TFHCAL=WG6_SQRT(T6|/P6

IF(SII BTUEXT-HPEXT
XNHP-XNHPOS_PCNC/IOOe
XNHDOT-DERIVIItXNHP)
DHTCC:IBTUEXT÷_ACP_IH3-H21)÷CONFACSPNIHP_XNHP_XNHDOTI/|wG6_T6)

IF (IOES.EQ.O) GO TO 5
TFHPCF_TFHPDS/TFHCAL
DHHPCF_DHTCC/DHTCHP

ETHPCF-ETHPDS/ETATHP

WRITE (6t11) CNHPCFtTFHPCF_ETHPCF_OHHPCF
5 TFHCAL-TFHPCF_TFHCAL

DHTCHP_DHHPCF_DHTCHP
ETATHPsETHPCF_ETATHP
DHTC=DHTCC_T6

ERR(1)=ITFHCAL-TFFHP)/TFHCAL
ERR(2)'(OHTCC-DHTCHP)/OHTCC

CALL THTURB (DHTCjETATHPmFAR6mH6,S6_P6_TSOtHSO_SSO,PSO)
IF(BLHP.LE°O*O) GQ TO 6
FAR50-FAR6SWG6/(WG6+BLHPt(FAR6+I.))

WGSO-WG6÷BLHP
HSO'_IBLHP_H3÷WG6_HSO)/WGSO

CALL THERHO(PSOtHSO_TSO_SSOtXX2_lsFARSOtl)
GO TO 7

b FARSO=FAR6

WGSO-NG6

7 CONTINUE

IF(VHPTRB°EQ.O°O) GO TO 21
Q(Z)-O,O

Q(3)-O.O
WGSOP-WGSO

HSOP=HSO

PSODOT-DERIV(12,PSO)
18 CONTINUE

_ALL THER_O(PSO_HSO_TSO_SSOtXXZII,FARSOpO)
WG_O'WGSOP-P5ODOT_VHPTRB/TSO/Ie6/RA
USO'HSO'-RA_AJ_T_O

USOOOT-OERIV(13tUSO)
HSOXuiWGSOP_HSOP'-(WGSOP-WGSO)_USO-USODOT_PSOtVHPTRB/T50/RA)/WGSO
ERRW-(HSO--HSOX)/HSO

DIR'SQRTIABS(HSO/HSOX))
CALL AFQUIR(QI1)_TSO_ERRWtO.,2Oo,OoOOOI_OIR,T5OT, IGO)

GO TO 119,21_20)tlGO
19 TSO=TSOT

GO TO 18
20 CALL ERROR

21 CONTINUE
[F(FXFN2NeOR-OUNSPL) GO TO 8

CALL COIPTB
RETURN

8 PS=PSO

76
75

76
77
T8

79
8O

81
82
83

86
85
86

87
88
89

90
91.

92
93

96

9S
96
97

98
9q

100
101
102
103

].06
].05

106
107

108
1-09

).1.0
111
112

113
116
11.5

[ ].6

].IT
11.8

1.Z9

120
121
122
1.23

126
125

126
127

1.28
129

1-30
131.

132
133
136

135
136
1.37

138
139

160
161

162
163

165

166
167

44



C

C

C

9

IO

11

HB=H50
TB=TBO

S5=S5O

FAR5=FARBO
WG5=WG5O

SET MIDDLE TURBINE PARAMETERS TO ZEROs NOT USED
TFFIP=O.

CNIP=O.
DHTI=Oo
DHTCIP=O°

ETATIP=O*
CALL COLPTB

RETURN

FORMAT (19HO_=_=tTFFHP OFF MAP,FIO=Bt2XA6tLIH=_t_$$$$S$1

FORMAT (19HO=_* CNHP OFF MAP_FIO, 4t2XA6rlIH_e_=$$$$S$)
FORMAT (20HOHePe TURBINE DESIGNrBXTHCNHPCF=jEISeB_BH TFHPCF=rE[B°8

lrBH ETHPCF=tE[5,8tBH DHHPCF=rElSe8)
END

148

169

150

151

152

153

156

155

156

157

15B

159

160

161

16Z

163

164

165

L66

167

168

$IBFTC CD|NLT

SUBROUTINE COINLT
COMMON /WORDS/ WORD

CONNON /DESIGN/
1IDES tJDES rKI)ES tMODE tINIT tIDUMP tIAMTP rIGASMXp

2IOBURN_IAFTBN.r[DCD rIMCD r IOSHOCr[NSHOCtNOZFLTrITRYS t

3LOOPERtNOMAP pNUMMAPwMAPEDGtTOLALLpERRIg)
COMNON /ALLI/

IPCNFGU_PCNCGUeT6GU _OUM01 tDUMD2 tOELFG IDELFN tDELSFCt
2ZFDS _PCNFDSePRFDS _ETAFDStHAFDS tPRFCF rETAFCF_WAFCF ,
3ZCOS sPCNCDSyPRCDS rETACDSrWACOS ePRCCF tETACCFrWACCF r
6TBDS tWFBDS tDTCOOSeETABDStWA3COStDPCOOStDTCOCFtETABCFt

5TFHPDSrCNHPDSjETHPOSpTFHPCFBCNHPCFrETHPCF_OHHPCFrTZDS r

6TFLPOStCNLPDS_ETLPDStTFLPCFeCNLPCF_ETLPCFrDHLPCFrT21DS r
7TZBDS rWFDDS eOTOUOSrETADOStflA23DSrDPOUOSIDTOUCFeETADCFe

8TTDS jWFADS _DTAFDSrETAADSeWG6CDS_DPAFDStDTAFCFtETAACF_
9A55 tA25 cA6 rAT tA8

$PS55 ,AM55 tCVDNOZrCVNNOZrABSAV
COMMON /ALL2/

IT1 tPl eHI ,S1 tT2
_21 rP21 tH21 fS21 _T3
3T_ tP6 rH4 ,$4 ,T5
• T55 _P55 ,HBS rSB5 tBLF

5CNF rPRF rETAF eWAFC r_AF
6CNC _PRC _ETAC _ACC ,MAC
_NHP _ETATHP_DHTCHP_DHTC tBLHP

8CNLP eETATLP_DHTCLPeOHTF _BLLP
9AM _ALTP _ETAR rZF ePCNF

$TFFHP tTFFLP ePCELF _PCBLC tPCflLDU
COMMON /ALL 3/

IXPl _XWAF _XWAC _XBLF rXBLDU
ZXT2I rXP21 _XH2I _XSZI rTZ3

3T2_ _P26 _H26 ,$26 rT25
6T2B _P28 _H28 eS28 rT29

5WAD _WFD tWG24 eFAR26 _ETAO
bTS28 _PS28 eV28 rAM28 _TS29
7XT55 _XP55 _XH55 eXS55 tXT25

BXWFB _XWG55 t XFAR55_ X_FD r XHG26
9Tb _Pb rH6 r 56 _T7

$T8 eP8 tH8 eS8 _T?
COMMON /ALLB/

IWG6 _MFA tNG7 _FAR7 tETAA

2P56 tV6 _AM6 _TS7 _PS7
3TS8 _PS8 e V8 °AM8 _TS9

6VA _FRD _VJD eFGMD tVJM
5FGM rFGP eWFT eWGT _FAR1
6l/A32 e DPWGDSe DPW |NG _ MA32DS _A38

71"t38 tP3_8 _TS38 ,PS38 ,T3q

_A9 eA28 ,A29 e

_AgSAV _AZBSAVrA29SAV

,P2 ,H2 rS2 r

_P3 _H3 _$3 ,
_P5 ,H5 ,$5 ,
,BLC tBLOU eBL05 r

,WA3 el#G4 °FAR6 e
.ETAB rDPCOM rOUMP
,MG5 tFAR5 eCS

,NG55 °FAR55 _HPEXT
,ZC t PCNC ,HFB

,PCBLOBrPCBLHPtPCBLLP

_XH3 _DUMSI tOURS2 r
tP23 .H23 ,$23 ,

_P25 eHZ5 _$25 •
_P29 _H29 _529 r
_DPDUC eBYPASSrOUMS3 .

_PS29 rV29 rAM29
_XP25 rXH25 eXSZ5

rXFAR24rXXPI tDUMB
_P7 _H7 _$7 r

_P9 rH9 _$9

IDPAFT .V55 ,V25 r
eVT rANT .AM25 r
ePS9 eV9 ,A/C)

_FGMM eFGPD eFGPM ,
rFG tFN _SF'C e
ekl_L3B eY38 eT3B e

tH39 rP39 _TS39 •

1
2

3
6

5
6
7

8
9

10
11

IZ
13
14

15

16
17

18
19
20
21
22

23

26
25
26

27
28

29
3O

31
32

33
36
35

36
37

38
39
60

62
63
6_
¢5

66
47

45



10

11

3

6

S

BY39 _AM39 tA39 _BPRINT_HG37 _CVDMNGtFGMWNGtFGPWNG_
9FNH[NGoFNMAINeFMOVFNfPS39 eFFOVFNtFCOVFNIFNNOFNpFNOVFOm
$VJM tT22 tPZ2 _H2Z tS22 _T50 _P50 _H50

COMMON /ALLS/
1SSO lWA22 mZI pPCNI tCNI _PR[ tETA! tWAC[ m
2TFF;P sCN|P ,ETATIDeDHTC|P,DHT[ _BLIP ,PCBL|P,PCJq|GU,

3Z|OS _PCNIOStPR[DS tETA|OStMA|OS _PR|CF tETA|CFtMAICF t

6TFiPOS,CN[POStETiPOStTF[PCF_CNIPCFIET[PCFeDH|PCFtMA|CDSt

5wA| _PCBL| tBLI tT22DS pMA21 eMGSO sFARSO _A26 t
bAN23 eOUMSPLtFXFNZMtFXMZCP_AFTFAN_PUNT _PCBL|OtP6OSAVt
7AM6DSV,ETAASV. FAR TSVtT6PBL ,T41 ,FAN ,|SPOCII

COMMON IOELCH/ OEL--TL

COMMON tUN|TS/ S|
LOGICAL S[
OATA AMORO/bHCO|NLT/

MORD=AMORD
IFIS|) GO TO 10
AJ-TT6,2b

G-3Z,176069
REFSQ-2,0855531EOT

R-1.986375

GO TO 11
AJ-I,O
G-I,0

REF59-be3567658E06
R-8316,36

ALT-ALTP_REF59/(REF59-ALTP)
CALL ATMOSIALTeTISTDeXXIeXXZ_XX3tDELTAtGStXX6_1|_R)
PI-OELTA

|F(S|) PI-lOI325, tOELTA
TI'TISTD

|F(|AMTP,EQ°2) TI"TISTD+OELT1
[F (|AKTP.EQ.5) CALL RAM2 (AMtETAR)

iF (|AKI"P°NE°I,ANOe|AMTP.NE*5) CALL RAM (AMe ETAR)
FAR-O°O

CALL PROCOM (FAReTltCSeXX2tXX3tRItPH[IIH1)
$1-PHiL-RI_ALOGIDELTA)
HZ-H|÷(AM_CS)_S2/(2°_AJeG)

P2T-le
[F(SI) P2T=I01325,
DO L |-1t10

CALL rHERMO (PZTsH2_T2TtSZTjAM_O_OeOtl)
IF (ABSiS2T-SI),LE.O.O00[_$1I GO TO Z
P2T-PI_EXPi(AM/R)_((S2T-SII+(R/A_)_ALQG(P2T/P1)))

CALL ERROR

RETURN
|F ([AMTP.EQe3eOR,[AMTP,EQ,_) ETAR-PZ/P2T

P2-ETARtP2T
|F (|AMTP*NE*_) CALL THERMO (P2_HZ_TZ_SZ_XX5_O_OoO_II

[F ([AMTPeEQ°¢) CALL THERMO |P2eH2tTZeS2eXXS_OeOeO_O)
|F (TN[T.E_°[) GO TO 5

IF (|OES°EQ.I) GO TO 3
l! |MODE.EQ_3) GO TO 6
PCNF-GUESS(MODE_T6_T6OSePCNC_PCNCDSeMFB_MFBDS_T2tT2OStPCNFOS)

PCNFGU_PCNF
GO TO 6

PCNF-PCNFD$
PCNFGU-PCNF
T2DS-T2

ZF-ZFDS

RETURN
END

69
50
51
52

53
56

55
56

57
58

59
60

6L
b2

63
64

65
66
67

68

69
70
71

72
73
76
75

76
77

78
79

80
B!

82

83
86
85
86

87
88
89

90
91

92
93

q4
95

96
97

98
99

IO0

101
102

103
106

105
106

107
108

10q
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S]8FTC CO|NTC
SUBROUT|NE COINTC
COMMON /MORDS/ MORO

COMMON IOES|GN/

1[DES _JDES _KOES _MODE °|NIT _|DUMP _[AMTP _|GASMX_
ZIDBURNtiAFTBN_IOCD tINCO _|DSHOC_INSHOC_NOZFLT_ITRYS

3LOOPEReNOMAP eNUMMAPtMAPEDG_TOLALL_ERR(9)

1
2
3

6
5

6



G)

COMMON l,_LL II

IPCNFGU,PCNCGUt T4GU _OUMDI ,DUUD2

2ZFDS ,PCNFDS_ PRFCS I EI"AFDS, _AFD5

3ZEDS ,PCNCDS_ PRC OS _ETACDStWACDS

4T40S tWFBDS p DTC ODS,E TABDS_ NA3COS

5T FHPDSt CNMPDS t ETHPOS, TFHI) CF, CNHPCF

6TFLPDS _CNLPDSt ETL PDS _TFLPCF _ C NLPCF

7T24DS tWFDDS _DTDUDS_ETAODSpWA23DS

8TTDS ,WFAOS

9A55 pA25

$PS55 ,AM55

COMMON /ALL2/

ITL tPl

2T21 ,P21

3T4 tP4

/tTS5 _P55

5CNF tPRF

6CNC ,PRC

,DTAFDS,ETAAOS_WGECDS

,A6 tA7 ,A8

tCVDNOZtCVMNOZ_A8SAV

7CNHP

8CNLP

9AM

_H1 tSl ,T2

,H21 ,S21 ,T3

tH4 IS/t wT5

_H55 tS55 _BLF

tETAF _WAFC ,WAF

ETAC pWACC ,WAC

tETATHP,DHTCHPtDHTC tBLHP

IETATLPjDHTCLPpDHTF wBLLP

rALTP _ETAR tZF _PCNF

,PELFG ,DELFh ,/'ELSFCt

.PRFCF jETAFCF,W.'FCF ,

.PRCCF t ET ACC;,,_ACCF

.OPCODS, DTCOC¢,ETABC Ft

.EEHPCF, DHHPCF,T2DS P

,ETLPCF _ DHLPCF,T2LDS ,

, DPDUDS_ DTDUCF _ E TAOCF

,DPAFOS_ DTAF CF _ ETAACF _

,A9 _A28 _A29 e

,AOSAV t A28SAV, A29SAV

,PZ ,H2 ,SZ

,P3 ,H_ eS3

,P5 _H5 _S5

,BLC _BLDU ,BLOB

,WA3 _WG4 _FAR_

_ETAB _ DPCOM ,DUMP

,WG5 _FAR5 _CS

,WG55 _FAR55 tMPEXT

,ZC _PCNC _wFB

STFFHP _TFFLP ,PCBLF ,PCBLC _PCBLDU_PCBLDB_PCBLHP_PCBLLP

COMMON /ALL3/

IXPl _XWAF _xWAC ,XBLF ,XBLDU _XH3 _DUMSI ,DUMS2

2XT21 _XP21 ,XH21 _XSZI ,T23 ,P23 _H23 _$23 ,

3T2_ ,P2_ ,H2_ _$2_ _T25 ,P25 _H25 _$25

/tT28 _P28 ,H28 ,$28 ,T2_ ,P2g ,HZg ,S2g

5wAD _WFD tWG2/t _FAR24 _ETA_ _DPDUC _BYPASS_DUMS3 ,

6TS28 _PS28 tV28 tAM28 ,TS2g ,P529 _V29 _AM29

7XT55 _XP55 _XH55 ,XS55 ,XT25 ,XP25 _XH25 _XS25

8XWFB _xWG55 _XFAR55,XWFD ,XWG2/t _XFARZ/t_XXPI _DUMB

9T6 tP6 _H6 ,Sb ,T7 ,P7 _H7 tS7

$T8 tP8 _H8 _S8 ,T9 _P9 ,H9 _$9

COMMON /ALL_/

IwGb _WFA _WG7 _FAR7 ,ETAA

2PS6 _V6 tAM6 ,TS7 ,PS7

3TS8 _PS8 ,V8 _AM8 ,TS9

_VA _FRO _VJD _FGMD ,VJM

5FGM _FGP ,WFT _WGT ,FART

6wA32 ,DPWGDS,DPWING_WA3ZDS_A38

7H38 _P38 _TS38 _PS38 ,T3g

8V39 ,AM39 _A39 tBPRINT_WG3?

,DPAFT ,V55 ,V25

,V7 ,AM7 ,AM25

,PS9 ,V9 _A_9

_FGMM _FGPD _FGPM

_FG ,FN ,SFC ,

_AM3B _V38 ,T38

_H39 _P39 _TS39

_CVDWNG_FGMWKG,FGPWNG_

g_NW I NGt FNMA Ih_ FwOVFN _PS39 _ FFOVFN _ FCOvF h_ _MNOFN_ FNOVFD_

SVJW _T22 _P22 _HZ2 _ S22 _T50 ,PSO ,HSO

COMMON /ALLS/

LSSO _WA22 tZl _PCNI tCNI ,PRI _ETAI ,WACI

2TFFIP ,CNIP , ETATIP,DHTCIP,DHTI ,BLIP ,PCBLIP,PCNIGU_

3ZIDS _PCNIDS_PRIDS _ETAIDS,WAIDS _PRICF ,ETAICF,WAICF ,

/tTF IPDS _CN [PDSe ETI POS_TFIPCF _CN IPCF, ET IPCF,DH IPCF,wAI CDS_

5WAI ,PCBLI eBLl _TZZDS ,WA21 tWG53 _FAR50 tA2/t

6AM2] _DUMSPL, F XF N2M _FXM2CP, AFTFAN,PUNT _ PCBL ID_P6DSAVe

7AMGDSV e ETAASV_ FAR 7SV _ T4PBL ,T41 _FAN , I SPOOL

COMMON IVOLSI VFAN_VINTC,VCOMP_VCOMB_VHpTRB_VIPTRB_VLPTRB,VAFTBNt

I VFDUCT _VWDUCT
COMMON /FLOWS/ W'AFP,WAIP_WACP

COMMON /UNITS/ ST

COMMON/INTICNXI15),PRX(15,LSI_WACXII5_ISI_ETAX(15,15)

INCN_NPTIIS)

COMMON/DUMINTICNXX(15) _PRXX(15,151,wACXX{15_ 15}_ETAXX(15_15)

1NCNX,NPTX(15)
LOGICAL FXFN2M_FXP2CPtAFTFAN_DLMSPL_FAN_SI

DIMENSION QIg),WLHIZt

DATA AWDRD_WLHI6HCOINTC_6H ILO) _6h IHI) /

WORD= AWORD

IF {SI} GO TO 100

TSTD= 518,668

P STD= 1-0

PA=.0252

AJ=2,719

GO TO 101

TSTD=Z8B- l/t9

PSTD=IOI325-

RA=286,9

AJ=I*O

z

9

lO

ii

12

13

I/t

15

16

17

18

19

20

21

22

23

2_

25

26

27

2B

29

)0

31

32

33

34

35

36

37

38

39

/tO

/tl

42

43

4/t

45

/tO

/t7

/t8

49

5_

51

52

5_

5/t

55

fib

57

58

59

60

61

62

63

6_

65

66

67

68

69

• 70:

71

72

73

75

76

77

78

"/9

RO

C,e 
e-
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101 CONTINUE
IF (.NOT.AFTFAN) GO TO 1

T22SuT22

HZ2S=H22
$22S=$22
P22S=P22
TZZ_TZ

H2ZsH2
$22_$2

PZZ=P2

1 THETAuSQRT(TZZ/TSTD)
DELTA=PZZ/PSTD

IF (.NOT.FAN) MAI=MAF'-BLF

IF (IDESoNE.[) GO TO 2
PR I_PR [OS

PCBL I=PCBL 10
IF (.NOTeFAN) MAICDS=MAi*THETAIDELTA
IF (.NOTeFAN) DUM SPL_eTRUE*

MAC[=MAICDS
THETAO'_THETA

MA[OSuNACI_DELTAITHETA
ETAIuETA[OS

2 IF leNOT.FXFN2M) GO TO 3

C FAN AND MIDDLE SPOOL ROTATE AT SAME SPEED

SPDFAN-CNF*SQIRT(T2/TSTO)
CNI-SPDFAN/THETA
PCNE-IOOe_CNI_THETA/THETAD

IF (IOES-EQ-I) PCNIDS=PCNI
3 CN IsPCNI_THETADI(IOO.*THETA)

ZI-ANAXI(Z !, 0.)

Z I-AMINI( Z l, 1. )
CNISuCN!

|F (oNOT.DUMSPL) GO TO 4
CALL INOUMY (CNIeZI_NAICDSIIDES)

CALL SEARCH (ZI_CNIePR[tWACItETAI_CNXX_NCNXePRxXpWACXXpETAXXpNPTX_
115tlStIGO)

GO TO 5
4 CONTINUE

tALL SEARCH (ZItCNItPR|,_ACE_ETA[|CNX(I)tNCN_PRXILel)_WACX(ltl)eET

1AX(11L)tNPT(1)tLStlSs[OO)
S CONTINUE

IF ((CNI-CN[S)*GT.-OOOS_CN|) MAPEDG-1

IF (IGOoEQ*LoOR*IGO*EQ.2) WRITE (8,12) CNIS_WLHiIGO)
IF (.NOT.FAN) MAC|-WAI_THETA/DELTA
WAI=MACT_OELTA/THETA
MA22=_AI

IF (|OESeNEol) GO TO 7
T22OS-T22
IF (AFTFAN) T22DS_T22S

IF I.NOT*OUMSPL) PRICF-IPRIOS-I.I/(PRI-L.)
ETAICF-ETAIOStETA|

WAICF-MAIDS/MAI
IF (.NOT.OUMSPL) GO TO 6

PRICF=I.

ETAICF-I.
_AICF=I.

b CONTINUE
WRITE (6w131 PRICF_ETAICFtwAICFeT22DS

7 PRI'PRICFe(PR[-lo)+L°
ETAI-ETAICF_ETAI

WAI_WAICFS_A[
_AIP=MAI

MACI_MACI_MAICF
_AZZ'WAI

CALL THCONP (PRItETAI.T2ZpH22tS22_P22eT2LeH21_SZI|P21)
|F(VINTC.EQoOoO) GO TO 21
Q(2)'O*O

Q(3)=O.O
HZIP=H21

P2100T=OERIVIbtP21)
18 CONTINUE

CALL THERNO(PZLtH2L|T2LtSZItXX2|O|OoO|O)
MAI=WAIP-PZIDOT_VINTC/T21/1.4/RA

UZl=H21-AJ_RAST21

81
82

83

84
85
86
B7

B8
89

90
9L

92
93

94
95

96
9T

98
99

100

101
102
103

104
105

106
107

L08
10q

110
111
112

113
114
115

116
117

118

119

L20
121

122

123
124
125
126

127
12B
129

130
131

132
133

136

135
136

137
138
139
140

141
142

1_3
144
145

1',6

147
168
169

150
151

152
153
154



19
2O
21

8

9

10

11
C
C
C
12
13

UZIDOT-OERIV(TjU21)
HZIX-|MAIP*H21P-(NAIP-MAI|$U21-UZlOOTSP215V[NTC/TZI/RA)/WAI
ERRW-|H21-H21X)/H21
OIR-SQRT(ABS(H211H21X))

_AI| AFQUIR(O(1),TZIoERRMtO. t20._OoOOO1,DIRtT21T,IGO)

GO TO ;19t21p20)mIGO

T21-T21T
GO TO 18
CALL ERROR

CONTINUE
IF (oNOT.DUNSPL) GO TO 8

PRI-I°
ETAI-I°

T21=T22
H21-H22
521-$22

P21-P22
IFIISPOOL°EQol) WAZI-WAI

CONTINUE
IF ([OES°NEol) GO TO 9

BLI-PCBLISMAI

MA21-MA22-BLI
MA32-BLI

_F (FAN°OR*IDES.EQol) MACuMA21
CONTINUE

IF IABS(CNI-CNIS)°LE.O.OOt$CNIS) GO TO 10
_RITE |8,16) CNIS_CNI

CALL ERROR
PCNI-IOO._THETA$CNI/THETAD
IF (.NOT.AFTFAN) GO TO 11

T22-T22S

HZZ'_HZZS
$22-$225

P22-P225
CALL COCONP

RETURN

FORMAT 119H05 * * CNI OFF NAP,F10°4,2xA6_ZIH$ $ $$$$$$$)
FORMAT (20H/MIDDLE SPOOL OESIGNt6XBH PR[CF-tEIBoBsBH ETAICF=_E15o

18tBH HAICF=tE15oBtBH T22DS-tE15o8)
FORMAT |IOHOCN! WAS= eElB°Bf11H AND NON= wElBeBt26H CHECK PCNI I

INPUTSS$$$$I
ENO

155

156
157
158

159
160

16I

162
163

166
165
166

167
168

160
170
171

172
173

176
175

176
177

178
179

180
181

18Z
183
186

185

186
187

188
189

190
191
192

193
196
195
196

197

198
199

$IBFTC COIPTB
SUBROUTINE COIPTB
COMMON /NORDS/ k_RD

COMMON /OESIGN/

LIDES tJOES _KDES rHODE oINIT _IOUNP tlAt4TP tIGASMX_
Z|OBURN_IAFTBNt[OCO tINCO I IOSHOCfIMSHOCtNOZFLTtITRYS

3LOOPEReNONAP wNUNMAPeMAPEDGeTOLALLeERRIgl
COMMON /ALL1/

1PCNFGUtPCNCGU_T6GU eDUNOI _OUMD2 _DELFG tDE LFN tDELSFCt
2ZFOS tPCNFDSpPRFDS tETAFDStWAFOS IPRFCF tETAFCFtWAFCF t
3lCOS _PCNCDS_PRCDS pETACOS_MACDS IPRCCF IET/U_CFt_ACCF

6T605 _MFBOS _ DTC OOS _ ETABOS_ M A3CDS t DPCOD St OTCOCF t ETABC F _
5TFHPOS_CNHPDStETHPOS_TFHPCFeCNHPCF_ETHPCFeOHHPCFtTZDS t
bTFLPDSeCNLPDSeETLPDSeTFLPCFeCNLPCFeETLPCFeDHLPCF_T21DS

TTZ6DS tWFDDS _DTDUOS_ETADOS_MA23OStOPOUOS_DTOUCFtETADCF_

8TTOS _MFAOS _DTAFOS_ETAAOS_MG6CDStDPAFDSeDTAFCF_ETAACFe
9AS§ IAZ5 eA6 tAT _AB _A9 tAZ8 tA29 t
SPSS5 tAN§5 eCVDNOZ_CVMNOZ_A8SAV tAgSAV _AZBSAVtA29SAV

COMMON /ALL21
1T1 _Pl _H1 _$1 _T2 _P2 tHZ eS2

2T21 _P21 _H21 _$21 _T3 _P3 ,H3 eS3
3T6 tP6 _H6 tS6 _T_ _P5 eH5 _$5 •
6T55 _PBS _H55 tSSS tBLF tBLC ,BLDU eBLOB •

t
2

3
6
5

6
7

8
9

10
11

12
13
16

15
16
17

18
lq

20

21
22

49



I00

101

5CNF

6CNC
'7CNHP
8CNLP

9AM pALTP
STFFHP ,TFFLP

COMMON /ALL3/
IXP1 tXWAF

ZXT21 _XP21
3T24 _P2_

4'1"28 ,P28
5WAD ,WFD

6TS28 ,PS28
7XT55 wXP55

8XWFB ,XWG55

9T6 _P6

$T8 ,P8

pPRF ,ETAF eWAFC ,WAF eWA3 sWG4 ,FAR4 ,

_PRC ,ETAC tWACC tWAC pETAB eOPCOM ,DUMP ,

sETATHP_DHTCHPtDHTC ,BLHP ,WG5 ,FAR5 ,CS

_ETATLP_DHTCLPtDHTF ,BLLP .WG55 pFAR55 _HPEXT w
,ETAR eZF ,PCNF _ZC tPCNC _wFB ,

,PCBLF tPCBLC ,PCBLDU,PCBLDB, PCBLHP,PCBLLP

,XWAC _XBLF ,XBLDU ,XH3 ,DUMSL ,OUMS2 ,

,XH21 tXS21 tT23 _P23 ,H23 eS23 ,

_H24 _$24 tTZfi ,P25 _H25 ,$25 ,

tH28 tS28 _T29 tP29 ,HZg _$29 v

_WG24 ,FAR24 tETAC pDPDUC _BYPASS_DUMS3 ,

,V28 tAM28 ,TS29 ,PS29 tVZ9 _A_29 t

,XH55 _X555 ,XT25 ,XP25 tXH25 ,X525 ,

tXFAR55_XWFD _XWG24 ,XFAR24,XXPI ,DUMB ,

tH6 _Sb tT7 ,PT _HT _$7 f

_HB ,S8 pTg _P9 ,H9 ,$9
COMMON IALL4/

1WG6 _WFA ,WG7 wFAR7 ,ETAA ,OPAFT ,V55

2PS6 ,V6 ,AM6 tTS7 ,PS7 _V7 ,AM7

3TS8 pPS8 ,VB _AM8 _TS9 ,PS9 ,V9

4VA _FRD IVJD tFGMD _VJ_ ,FGMM _FGPD
5FGM ,FGP ,WFT _WGT ,FART ,FG ,FN

6WA32 ,DPWGDS,DPWING_WA32DS,A3B _AM38 ,V3B

TH38 _P3B _TS3B _PS3B _T3_ _fl39 _P39

BY39 ,AM39 ,A_g _BPRINT,WG3T ,CVOWNG,FGMWNG

gFNWINGtFNMAIN, FWOVFN_PS39 ,FFCVFN,FCOVFN,FMNOFN

SVJW ,T22 ,P22 _HZ2 ,$22 ,T50 _P50

COMMON /ALL5/

V25 ,

AM25 ,

AM9

FGPM ,

SFC

.T38 ,

TS39 ,

FGPWNG_

FNOVFD_
HSO

1550 ,WA2Z ,ZI _PCNI ,CNI ,PRI ,ETA! ,WACI ,

2TFFIP ,CNIP _ETATIP_DHTCIP,DHTI ,BLIP ,PCBLIP_PCNIGU,

3ZIDS ,PCNIDS_PRIDS _ETAIDS, WAIDS ,PPICF ,ET_ICF,WAICF ,

4TFIPDS,CNIPDS,ETIPDS_TFIPCF,CNIPCF,ETIPCF,DHIPCF,WAICDS,

5WAI _PCBLI _BLI _T2205 ,WA21 _WGSO _FARSO _A2_ ,
6AM23 _OUMSPL,FXFNZM_FXMZCP,AFTFAN_PUNT _PCBLID,PBDSAV_

7AMBDSV,ETAASV_FARTSV_TT4PBL ,T41 ,FAN ,ISPOOL

COMMON /RPMS/ XNHPDS,XNIPDS,XNLPOS,PMIHP,PMIIP,PMILP

COMMON /VOLS/ VFA_VINTC_VCOMP_VCOMB,VHPTRB,VIPTRB_VLPTTRB_VAFTBN_

I VFDUCT_VflDUCT

COMMON /FLOWS/ WAFP_WAIP,WACP

COMMON /UNITS/ SI

DIMENSION O(9)
COMMON/ITURBtTFFXI15),CNXI15_ _5),DHTCXIIS,15),ETATXtlS,15)_

INTFFS_NPTTFF(15_
LOGICAL AFTFAN,FXFNZM_FXMZCP,SI

COMMON/HTURB/TFFY(15),CNY(15,15),DHTCY(15,I5)_ETATY{tS_IS)_NTFYS,

INPTTSF(15)

DATA AWORDtWLO_WHI/bHCOIPTB_bH (LO) ,6H (HI) /
IFiSI) GO .1.0I00

RA=.0252

AJ=2.719

CONFAC=I.4091E-5

GO TO I01

R_=ZBb.g

AJ=L.O

CONFAC=I.0966E-2

CONTINUE

H22SAV=H22

IF (AFTTFAN) H22=H2

WORD=AWORD

IF (IDES.EQ.D) GO TO 1

CNIRCF=CNIPOS*SQRTITSO)/PCNI

IF (FXM2CP| CNIPCF=CNHPDS*SQRT(TSO|/PCNI

CNIP=CNIPCF*PCNI/SQRT{T50)

CNIPS=CNIP

TFFIPS=TFFIP

IF (FXM2CP} GO TO 2

CALL SEARCH (-I.,TFFIP,CNIP,DHTCIP_ETATIP,TFFX{1)_NTFFS_CNX(1_I),D
IHTCXII,I)_ETATX{I_I)_NPTTFF(I;,15_IS,IGO)

IF IFXM2CP) CALL SEARCH I-I.,TFFIP,CNIP,DHTCIP_ETATIP_TFFY|I),NTFY

IS_CNYiI,I),DHTCY(I_I),ETATYII_II,NPTTSF(1)_I5,15_IGO)

IF (IGO.EQ.I.OR.IGO.EQ.II.0R.IGO.EQ.21) WRITE (B,9) TFFIPS,WLO

IF ([GO.EQ.2.0R.IGO. EQ.12.0R.IGO.EQ.22) WRITE (B,9l TFFIPS_WHI

IF (IGO.EQ. IO.OR. IGO.EQ. II.OR.IGO.EQ.12) WRITE (8,9) CNIPS,WL0

23
24

25
2b

27
28
29

3O
31

32
33

34
35

36
37

38
39
40

41
42
43

44
45

46
47

48
49
50

51
52

53
54
55
56

57
58

59

6 /]
61

62
63
64

65
66
6T

68

69
7O

71
72
73

74
-/5

.1.6
77
78

79
80

81
82

83
84
85

86
87

88
89

90
91

92
93
94

95
96
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6

18

19

20
21

C

C

C

9

10

II

IF IIGO-EQ-20-OR-IGO-EQ,21-OR.IGO.EQ,22) WRITE (8elO| CN[PStWH[
IF (IGO-NE.7) GO TO 3

CALL ERROR
RETURN

NOMAP-O

TFICAL=WG§O*SQRTITSO)/|I_o696*PSO)

[F(S[) TFICAL=MG50_'SQRT(TSO) IPSO
XN[P=XNIPDSePCNI/IO0.

XNZOOT=DERIV(ZoXNIP)
BTUEXT=.706TOStHPEXT

IF(S/) BTUEXT=HPEXT

DHACEL=CONFAC_PMI|P_XNIP_XN|OOT
DHTIC=(WAIP_IH21-H22)÷DHACEL)/(WGSO_,TSO)
IF(FXM2CP) DHT[C-=(BTUEXT÷MACP_(H3,-H21)÷MAIP_(H21-H22)+DHACEL)/

I (MGSO_TSO)

IF (IDES.EQ,O) GO TO 6

TF[PCF=TFIPOS/TFICAL
OH[PCF-OHTIC/OHTC [P

ETIPCF=ETIPOSIETATIP
IF {FXMZCP) TFIPCF=TFHPDS/TFICAL

IF (FXMZCP) ET|PCFuETHPDSIETATIP

WRITE 16_11) CNIPCFeTF|PCFrETIPCFtDH[PCF

TFICAL=TFIPCF_TFICAL
DHTCIPuDHIPCF_DHTC[P

ETATIPuETTPCF_ETATIP
DHT IuDHTICtTSO

NI=8
N2=9

IF (FXM2CP) NI=L
IF (FXR2CP) N2=2

ERR(NI)=(TFICAL-TFFIP)/TFICAL
ERR(NZ)=(DHTIC-DHTCIP)/DHTIC

CALL THTURB (DHTIrETATIPtFARSO_HSO_SSOtPSOtTS_HS_SSePS)
IF(BLIP.LE°O°O) GO TO 7

FARS=FARSO=MGSO/(_GSO÷BLIPe(FARSO÷]..))
WGS='WGSO+BLIP
HS=(BLIPtH3÷MGSO_'HS|/MG5

CALL THERMO(PS_HS_YSeSStXX2_].tFARS_].)
GO TO 8
FARS=FARSO

WGS=WGSO

CONTINUE
;F(V|PTRB,EQ,O,O) GO TO 21

0(2)=0.0
O(3)=O.O
WGSP-NG5

HSP=H5
PSOOT=OERIV(].6_PS)
CONTINH_

CALL I"t'IC'RI'_(PS,HSjTStSStXX2tlmFARSpO)
WGS=WGSP-PSDOT_VIPTRB/TS/1.6/RA
US=H5-RA_AJST5

USOOT=OERIV(15,US)
HSX={_GSPeHSP-(MGSP-MGS)SUS-USDOT#PS#V[PTRB/TS/RA|/WG5
ERRW=(HS"-HSX)/H5

DIR=SQRT(ABS(HS/HSX))
CALL AFQUIR(Q(].),TStERRWpOot20°pO, OOO].sOIRsTST,IGO)

GO TO (19t2].t20)_lGO
TS=TST

GO TO 18
CALL ERROR

CONTINUE
H22=H22SAV

CALL COLPT6
RETURN

FORMAT ( 19HO_'_I'_TFF IP OFF MAPeFIO,6e2XAbe].IH'I'_I"_I'$$$$$$)
FORMAT ( 19HO_"l'l_' CNIP OFF NAP _F].O.6_2XA6_ I].H_'_'I' $$$$$$!
FORMAT (20HOI.P. TURBINE OESIGN=SXTHCN[PCF=,E15.8_SH TFIPCF=_E].5°8

].,8H ETIPCF=,ELSe8_SH DHIPCF=_E].5°8)
ENO

97

98
9q

100
].01

102
103

106
I05

].06
107

108
10q
110
111

112
113

116
115

116

117
118

119
120

12].
].22
].;'3

126
].Z5

126
127

].28
12q

].3O
13].

132
133

135

138
139

1¢0
16].

162
163

165
].66

167
168
16q
150

151
].52
]. 53

156

155

156

158

].59
].60
].61

].62
].63
166
].65

lbb
1167

168

169

51



$IBFTC COLPTB
SUBROUT|NE COLPT8

COMMON /WORDS/ fIORD
COMMON /DESIGN/

HOES tJDES tKDES _RODE t|NIT e]OUMP tIAKTP _IGASMXe

2IDBURNtIAFTBN_IOCD ,IHC, D eIOSHOCeINSHOC_NOZFLTelTRYS e
3LOOPER,NOMAP _NUMNAPtNAPEDGtTOLALLtERRID)

COMMON IALLI/

1PCNFGUePCNCGU_T6GU tDUMOl eDUM02 tOELFG ,DELFN eDELSFC_
2ZFDS ePCNFOSIP_FOS tETAFOStMAFDS _PRFCF tETAFCFldAFCF t

3ZCOS _PCNCDStPRCDS tETACOStMACOS ePRCCF eETN_CFeMACCF
4TkDS pHFBDS tDTCODSeETABDStMA3CDStDPCODStDTCOCF_ETABCFt

5TFHPDStCNHPDSeETHPDSeTFHPCFICNHPCFeETHPCF_I_tHPCFpT2DS t
6TFLPDStCNLPDSeETLPDStTFLPCFeCNLPCFeETLPCFtDHLPCFeT21DS e

7T26DS tWFOOS pDTDUDStETADDSeMA23DS_DPDUDS_DTDUCFtETADCFe
8T7DS IWFADS tDTAFOSeETAADS_WG6CDStDPAFDS_DTAFCFtETAACFp

9A55 tA25 cA6 _A7 eA8 eA9 ,A28 ,A29
$PS55 _AM55 _CvONOZeCVMNOZeABSAV tADSAV tAZSSAVtA29SAV

COMMON /ALL2/

ITI ePl tHl ,SI _T2 _P2 _H2 eS2
21"21 _P21 tH21 ,521 ,T3 eP3 iH3 tS3 e

3T6 eP6 _H4 tS4 _T5 _P5 _H5 _$5
4T55 _P55 eH55 _$55 _BLF eBLC _BLDU _BLOB
5CNF _PRF eETAF _HAFC eMAF eWA3 _MG4 _FAR6 e

OCNC mPRC eETAC _WACC eWAC pETAB eDPCOM eDUMP t
"/T,NHP e ETATHP_OffTCHP_DHTC eSLHP _MG5 _FAR5 _CS

8CNLP eETATLPtDHTCLPeDHTF _BLLP _HG55 _FAR55 tHPEXT
9AM tALTP eETAR
$TFFHP tTFFLP ePCBLF

COMMON IALL3/
IXP1 tX_AF _XICAC

2XT21 tXP21 eXH21
3T26 _P26 _H26

6T28 _P28 _H28
5MAD _MFO _MG26
6TS28 ePS28 _V28

7XT55 eXP55 _XH55

_ZF ,PCNF tZC _PCNC tMF8 ,
e PCSLC _ PC BL_J e PC BLOB ePC BLHP ePCBLL P

tXBLF _XBLDU eXH3 _DUMS! eDUMS2
_XS21 tT23 tP23 _H23 _$23

_$26 _T25 eP25 _,H25 .$25
_$28 ,T29 eP29 _H29 eS29

_FAR26 _ETAD _DPDUC eBYPASSeDUNS3
_AM28 _TS29 _PS29 tV29 _AM29

_XS55 _XT25 _XP25 _,XH25 _,X525
8XMFB _XHG55 t XFAR55 eXHFD

9T6 _P6 _H6 e $6

ST8 eP8 eH8 _$8
COMMON /ALL6/

lhiG6 t'dFA tMG7 _FART _ETAA

2PS6 _V6 _AM6 _,TS7 ePS7
3TS8 tPS8 e V8 _AM8 eTS9
6VA eFRD _VJD _FGMD _VJM

5FGM _FGP _MFT eMGT _FART
6MA32 _OPMGDS_ OPM ING t MA32OSe A38

71138 ,P38 _TS38 _,PS38 _T39
8V39 tAM39 tA39 _BPR [NTt_G37

_XMG26 _XFAR26_XXPI eOUMB

tT7 _P7 eH7 tS7

_T9 eP9 _H9 tS9

tDPAFT _V55 ,V25

_V7 rANT eAM25
ePS9 ,V9 eAM9
_FGMM eFGPD _FGPM

_FG _FN eSFC
eAR38 _V38 _T38

_H39 eP39 _TS39
_CVD_NG_FGM_NG_FGPMNG_

9FNH|NG_FNRA|N_FMOVFNePS39 _FFOVFN_FCOVFN_FMN_FNeFNOVFD_
$VJM _T22 _P22 _H22 _$22 eTSO _PSO _HSO

COMMON IALL5/

IS50 _HA22 _Z! tPCNI _CNI _PR! tETAI eHAC!
2TFFIP _CNIP _ETATIP_DHI"CIP_OHT! _BLIP ePCBLIP_PCN!GU_

3Z[OS tPCNIOS_PRIOS tETA[OStMA[OS _PR[CF tETAICF_MAICF
6TFIPDSeCNIPDSeETIPDS_TF|PCF_CNIPCFtET|PCF_DH[PCF_MAICDSe

5_A! _PCBLI _BLI _T22DS eWA21 _HGSO _FAR50 _A26
bAH23 tOUMSPLeFXFN2MtFXR2CPeAF_FAN_PUNT _PCBLIO_PbDSAV_
TAMbDSV_ETAASV, FARTSV_T6PBL ,T61 _FAN _!SPO_L

COMMON /RPMS/ XNHPDS_XNIPOS_XNLPDSePM[HPtPM|!PePM!LP

COMMON /VOLS/ VFANeVINTCeVCOMP_VCOMBtVHPTRB_VIPTR8_VLPTRB_VAFTBNe
I VFDUCT_VMOUCT

COMMON /F_O_SI MAFPtMAIP_WACP
COMMON /UNITS/ SI

LOGICAL AFTFANeFXFN2M_FXM2CP_SI
COMMON /LTURB/TFFX(15)_CNX{15_IS)_DHTCXIISeIS)eETATX(15_15)_

1NTFFS,NPTTFF(15)
DIMENSION OlD)

DATA AMORD_LO_MHII61tCOLPTB_6H ILO) _6H {HI) /
MORD'AMORD

[FISII GO TO 100,
RA-.0252
AJ-2.719

1

2
3

5

6
7
8
9

10

11

12
13
16

15
16

17
18
19

2O
21
22

23

2_
25
Zb
27

28
29

30
31
32

33
36

35
36

37
38

39
60

62
63

65
66

67
68

69
5O

51
52

53
56
55

56
57
58

59
60

61
62

b3
66

65
66
67
68

69
TO

71
72

52



CONFAC-l.6091E-_
GO TO 101

100 RA_286.9
AJ-leO

CONFAC-I.096bE-2
101 CONTINUE

IF IIOESeEQ.O) GO TO [
CNLPCF'CNLPDS_SQRTITSI/PCNF

1 CNLP'CNLPCF_PCNF/SQRT|TS|
CNLPS'CNLP
TFFLPS_TFFLP

CALL SEARCH (-lotTFFLPmCNLPpDHTCLP_ETATLPtTFFX(I)mNTFFStCNX(ltl)eO
IHTCK(ImI)pETATX([_1;_NPTTFF(LI,ISmISt|GO)

IF (IGOeEQoloORoIGO. EQ.IIeOR.IGO.EQ.21) WRITE (8t8) TFFLPStWLO

IF ([GO.EQ.2.0R.IGO. EQolZ.OR.IGOeEQoZZI WRITE (8t8) TFFLPSsWH!
IF ( IGO.EQeIOoORe IGO.EQ. 11eORoiGO. EQ. iZ! WRITE (8t9l CNLPStWLO

IF (IGO.EQ.20.OR. IGO.EQ. ZI°OR.IGO.EQ.22) WRITE (8t9) CNLPS,WH!
tF I|GO.NE.7) GO TO 2
CALL ERROR

RETURN
2 NOMAPmO

TFLCAL-WGS_SQRT(TS)/(16.bgbSPS)
IF(S!) TFLCAL=_G5_SQRT|TS)/P5

XNLP'XNLPDStPCNF/IO0.
XNLOOT-OERIV13tXNLP)
OHACEL-CONFACSPH|LP_XNLP_XNLD01

DHTCF'(WAFPt(H22-H2)÷DHACEL)/(_GS_TS)

[F(FXFN2N) DHTCF=(WAFPt|H22-H2)÷MAIP_(H21-H22)÷OHACEL)/(WGS*TS)
[F(FXFNZMeANO°AFrFAN# OHTCF.(_AFP_(H2Z-H21÷_AIP_(HZ[-HZI÷OHACEL!

I IIWGS_TS)
IF ([SPOOLoGE.2) GO TO 11
BTUEXT-O. 70670b_HPEXT
IFISII BTUEXT=HPEXT

OHTCF=(BTUEXT÷WAFP_IHZ2-H2)÷OHACEL)/(WG5_T5)
IL IF (IOESoEQ.O) GO TO 5

TFLPCF-TFLPOS/TFLCAL
DHLPCF-OHTCF/DHTCLP

ETLPCFmETLPOS/ETATLP
MRITE (6_10) CNLPCFtTFLPCFmETLPCF_OHLPCF

5 TFLCAL-TFLPCFSTFLCAL

DHTCLP-DHLPCF*OHTCLP

ETATLP_ETLPCF_ETATLP
OHTFmDHTCF_T5

!1-3
Z2=6

IF I |SPOOL*EQ*I) [1=1
IF (ISPOOL*EQ. II I2=2
ERR(III-ITFLCAL-TFFLP)/TFLCAL

ERR(|2)-(DHTCF-OHTCLP)IOHTCF

CALL THTURB (OHTFtETATLPeFARSeHS_SStPSmT55mH5_tS55tP551
[F(SLLPeLEeO.) GO TO 6

FAR55 = FARSSMGS/IHGS÷BLLP*II.+FARS))
MGSS'WGS÷BLLP

H55=(BLLPSH3+WG._HSS)/MG55

CALL THERMO(PSPtHSSjT55tS55mXX2e[tFAR55tl)

GO TO T
6 FAR558FAR5

_G55-_G5

7 CONTINUE
IF(VLPTRBoEQ.O.O) GO TO Z1
QI2)=O.O
QI_)'O,O

WG55P-WG55
H55P-H_5

P_SDOT-DERIVIIbeP55)
18 CONTINUE

CALL THERNOIPSStHSS|T55eS55mXX2elmFAR55,0)
MG55-MGSSP-PSSOOT_VLPTRBtT_511.41RA

U_S-HS_-RA*AJ_T55
U55DOT'DER|VIITeU55)
HS_X'(_G_SP_H§_P-I_GS§P-_G55)_U55"US_OOT_P55mI'LPTRB/T55/RA)/_G55
ERRM'(H55"H55X)/H_5

DIR=SQRT(ABS(H55/HS_XI)
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76
77

78
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80
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83
86
85

86
87

88

89
90

91
92
q3

94
95
96

97
98

99
IO0

[0[

102
103
104
105

106
107

108
109
110

111
11Z

113

115

L16

117
118

119
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121
122
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124
125

126
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128
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Z30
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13Z
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137
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19

2O

2L

C

¢
8
9

10

C.ALL AFG_J|RIQ(I)_TSStERRW-tOot20.tO_OOO_LtDIRpTSSTJlGO)
GO TO 119,21_20)_[G0
TSSa.T 55T

GO TO 18
CALL ERROR

CONTINUE
CALL FRTOSD

RETURN

FORMAT 119HO_'_t_TFFLP OFF MAPtFXO.6,2XA6,1LI-mS_S$$$$$$)
FORMAT (lgHO_ CNLP OFF MAPtFlOe4e2xA6tIIH_8_$$$$$$)

FORMAT |20HOL.P. TURBINE OESIGN,SXTHCNLPCFu,EIS. 8, BH TFLPCFutE15.8
1,8H ETLPCF-eE15.B,BH DHLPCF-pEISeB)

ENO

167
168

169
150

151

152
153
156

155
156
157

158
159

160

$IBFTC COM|X
SUBROUTINE COMIX

COMMON /WORDS/ MORO

COMMON /OESXGN/
[[OES tJOES tKDES

21OBURNjIAFTBN,|OCO
3LOOPERtNOMAP eNUI41_PeMAPEDGeTOLALLeERRIO)

COMMON /ALL1/
IPCNFGUjPCNCGUpTBGU ,DUHDI ,DUN02 _OELFG tDE LFN

2ZFOS ,PCNFDSBPRFDS ,ETAFOStWAFOS tPRFCF ,ETAFCF
3ZCOS ,PCNCOS,PRCDS ,ETACOSrWACOS tPRCCF ,ETACCF

4T60S IMFBOS IOTCOOStETABOSpMA3COSIOPCODSIOTCOCF
STFHPDStCNHPDS_ETHPOSeTFHPCF_CNHPCF_ETHPCF,OHHPCF

6TFLPDSICNLPDS, ETLPOSeTFLPCF_CNLPCFtETLPCF,DHLPCF

7TZIeOS eMFDDS iDTOUOS_ETAODS_MA23DSeOPOUDStDTOUCF

sMOOE oINIT ,IOUMP ,|AMTP ,[GASMXt

_INCD eiOSHOC,IMSHOC,NOZFLT,|TRYS

,DELSFCt

,MAFCF
_WACCF ,

tETABCF_
,T2DS

,T21DS ,
,ETAOCFe

8T70S
qASS

$PS55
COIeJ40N IALL21

1T1 _PI ,H1 ,$1
21"21 tP21 _H21 eS21

31"6 eP4 ,H4 ,$4
• T55 ,P55 ,H55 ,SSS

5CNF _PRF _ETAF _MAFC

6CNC _PRC eETAC ,_ACC
7CNHP eETATHPs DHTCHP _OHTC
8CNLP _ETATLP_DHTCLPeOHTF

9AM tALTP _ETAR _ZF
$TFFNP tTFFLP tPCBLF _PCBLC

COMMON /ALL3/
lXPl ,XMAF eX_AC ,X_LF
2XT21 eXP21 ,XH21 _XS21

3TZ_ ,P2_ ,HZ6 _$24
6T28 tPZ8 _H28 ,528
5MAD e_FO e_G24 _FAR2_

6TS28 _PS2B _VZ8 _AM28

7XT55 eXPS5 _XH55 eXS55

,MFADS ,DTAFOStETAAOSeMG6COStDPAFDS,DTAFCF,ETAACFv

_A25 _A6 tAT _A8 _A9 _A28 eAZ9 t
tAM55 tCVONOZeCVMNOZeABSAV tAOSAV ,A28SAVeAg9SAV

eT2 _P2 _H2 ,$2 ,

iT3 ,P3 tH3 xS3
eT5 eP5 _H5 ,$5 ,
_BLF _BLC _BLOU tBLOB ,

e_AF _MA3 _MG6 ,FAR4 t

e_AC _ETAB tDPCOM _OUMP ,
pBLHP e_G5 _FAR5 _CS t

eBLLP _MG55 ,FAR55 eHPEXT
ePCNF eZC ePCNC ,_FB
_PCBLOUtPCBLOBePCBLHPtPCBLLP

,XBLDU ,XH3 t OUMSI _DUMS2 ,
_T23 ,P23 ,H2_ ,$23 ,

8XMFB tX_G§S eXFARSS_XMFD

9T6 eP6 ,Hb _$6 eT7
$T8 eP8 ,H8 ,$8 eT9
COMMON CALLBI

1_G6 _MFA ,MG7 ,FAR_ ,ETAA

2PS6 tVb ,AMb _TS7 ePS7
3TS8 tPS8 ,V8 vAM8 _TS9
6VA tFRD eVJD _FGMD _VJM
5FGM _FGP ,MFT eMGT eFART

,T25 ,PZS ,H25 .$25 ,
.T29 ,P29 ,H29 tS29 t

pETAD IOPOUC eBYPASStOUMS3 .
,TSZq ,PS2q _V29 ,AMZ9

eXT2S _XP2S _XH2S ,XS25 e
_X_G2_ ,XFAR24_XXP1 ,DUMB ,

tPT _H7 _ST ,
tP9 eH9 tS9

,OPAFT ,V5_ tV25

_V7 ,AMT eAM25
,PS9 tV9 ,AM9

_FGMM ,FGPO _FGPM •
,FG eFN tSFC ,

6MA32 _OPMGOS,OPM ING,MA3ZDSeA38 _AM38 t V38 _T3B

7H38 _P3B _TS38 _PS3B tT3q tH39 tP39 tTS39
8V39 _AH39 vA39 ,BPRINT_MG3T eCVO_NG,FGMMNGtFGPMNG,

9FNMING,FNMAIN,FMOVFN_PS39 e FFOVFN_FCOVFNeFMNOFNtFNOvFO,
$VJ_ ,T22 _P22 eH22 eSZ2 vT50 ,PSO eHSO

COMMON /ALLS/

ISSQ ,_A22 ,Z[ oPeN[ tCNI ,PR[ ,ETA[ ,MAC| o
ZTFF|P ,CNIP ,ETATIP_OHTC|PeOHTI ,BLIP _PC. BLIP,PCNIGUt

l
2

3
4
5
b
7

8
9

10
it

12
13

16

15
L6
1T

18
19
20
21

22
23

26

25
26

27
2B
29

30
31
32

33
3_

35
36

37
38

39

61

¢2

4_
4_

6T

_8
4q

50

51
52
53

G4



100

I01

C _4m_

I

2

3

5

6

7

3_|DS mPCN|OSwPR_DS-.ETA[DStWA_D__PR|CF tETAICF_MAICF .
6TF|PDSpCNIPDSwETIPDSpTFIPCFpCNIPCFIETIPCF_OH|PCFpMA|CDSe

5_A! BPCBL! tBL[ tT22DS tMk21 IMGSO tFARSO .A24 t

hAM23 tDUMSPLwFXFN2MsFXN2CPtAFTFANtPUNT DPCBL|O_P6DSAVt
7AMbDSVIETAASVtFAR7SVBT6PBL sT61 tFAN IISPOOL

COMMON/MHRERR/iCOAFBIICODUCmICON[X

COMMON/UN|TS/S!
LOG[CAL S]

COMMON/LOOPPR/KKGDtPRFNEMtPRCNEM
DATA AWORO/6H COMIXl

DIMENSION QQ|9}
MORD-AMORD
IF (SI) GO TO lO0

AJ=778.2b
CAPSF-211be2170

G=32.17069
RDEI_c-I.986375

GO TO 101
A J=1.0
CAPSF=I.O

G=I.O
RDEM=8316.61

CONTINUE
ICOMIX=O

CALL PROCON (FAR55tT55_XXI,XX2,XX3_XX6tPHI55tXXS)
CALL PROCOM (FAR261T25_XXI.XX2tXX3fXX6tPH[25tXX.5)
IF ([DES.EQ.O) GO TO 12

CALCULATE A55 AND A25 WITH PS25=PSS5

IF (PS55.EQeO.) GO TO 3
TS55=T55_'(PS55/P55)m_0.286

00 1 [=1_15
CALL PROCOM (FAR55tTS55tCS55fAK55tCP55pREX55ePHIS55tHS55)
PHIS=PH[55-REX55_ALOG(P55/PS55)
DELPHI=PHIS-PHIS55

IF (ABS(DELPHI).LE.O.OOOI_PH|S) GO TO 6
TS55=TS55_I'EXPI6.O_OELPH[)

[CONlX=l
CALL ERROR

RETURN
TSS.5=O.875*T55

DO 6 1=I_15

CALL PROCOM IFAR55,TS55, CS55, AK55,CP55,REX55,PHIS55,HS55)
V55=AM55_,C $55
HSCAL=H55-V55_Z/(2._G_AJ)

DELHS=HSCAL-HS55
IF (ABS(DELHS)eLEeOoOOOS_HSCAL) GO TO 5
TSS.S-,TS55÷OELHSfCP55
ICOMIX=2

GO TO 2
PS55.,P55/EXP(IPHI55-PHIS55)IREX55)

IF (PS55.GT.PZSoANO. IDES.EQoI.ANO. IGASNX.GTeO} GO TO 65
IF (HS§.GT.HSSS) GO TO 7

MRITE (8e66) P55ePS55tT§StTS55tH55_HS55
ICOMIX=3

CALL ERROR
VS_=$QRT(Ze_G_AJ_(H55--HSSS))
RHO_'.APSE_PSS_/(AJ_REXS§_TS55)

AS_=MGS_/iRHO_V55)
AMSP.,VSS/CS55
IF (IGASMXeGT.O) GO TO 8

_RITE (6.67) ASStAM55
IF IIGASMX .EQ- O) GO TO 61

IF IIGASMX .EQ. -1) GO TO 35
PSZS,,_PSS5

TSZS=TZ5_(PSZ5/PZS_O.Z86

DO 9 1=I_15

CALL PROCOM (FARZ6,TSZS,CS25_AKZS_CPZStREXZS,PH|S25_HS25)
PHIS-PHIZS'REX2._ALOGIPZ$1PS25)

DELPHI=PHIS'-PHIS2_
IF (ABSIDELPHII.LE.O.OOOI_PH[S) GO TO 10
TSZS=TSZS_EXPI6.O_DELPH[)

|COMIX=6
GO TO Z

56
55

56

57
58

59
60

61
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12

10 IF (HZS_GT_HS25) GO TO L&
WRITE 18_48) PZSfPSZ51T2S_TS25tH25_HS25
ICOMIX=5

CALL ERROR
11 VZS-SQRTI2o_G*AJ_IH25.-HSZSII

RHO-CAPSFtPS25/IAJ_REX25_TS25)

A25-NGZ4/(RHO_V25)
AM25-V251CS25

MRITE (6p49) A55tAN55jA25pAN25
GO TO 27

CALCULATE PS55 AND PS25

WQA-WG55/A55
CLmPS§tSQRT(G/(TS_AJ))_CAPSF

MCON=O
QQI2)'O.

QQ(3)-O.
AN55_0.50
TS55=Oe875_T55

13 00 14 1=1_15
CALL PROCOM (FARSStTS55sCS§StAK55_CP55_REX55tPH|SS§_HS55]

V55=AN55*CS55

HSCAL=H55-V55_s2/12**G_AJ)
OELHS'HSCAL-HS55
IF (ABS(DELHS)eLE.O,OOOS_HSCAL! GO TO 15

14 TS§5=TS55+OELHS/CP55
ICONIX-6

GO TO 2
15 WQATmCI_SQRTIAK551REX55)_AN55/(lo÷(AK§5-1°)_AM§5_2/Z,)_((AK55÷l°

1)/(2°*(AK55-1-)))

ANX'AM55
IGOGO=O

16 O[R-WQA/MQAT
EM:IMQA-MQATI/MQA
CALL AFQUIR IQQ(I)jAMX_EW_Oot3OotO.OOOS_DIR,AMXTplCON)

%CONIX-7

GO TO (17t22tZ)eiCON
17 IF (AMXT°LE°I°O) GO TO 20

AMXT-O.7

HGOI_MCON÷ 1
IF (NCON-LE-1) GO TO 20
IF (NOOE.EQ.3) GO TO 19

PCNF=DUN01
_RITE (8p50) PCNFtAHXtP55_PS55tP25tPS25

PCNF'I,OISPCNF
OUMDI'PCNF

18 NOMAPu7

ICONIX-O

RETURN
lq MRITE (8t51) ZFtAPXeP55tPS55eP251PS25

ZFuO.99_ZF

GO TO 18
20 IF i[GOGO.EQ°I) GO TO 21

AM55-ANXT
GO TO 13

21 AM25-ANXT
GO TO 23

22 IF IIGOGO.EQ.1) GO TO 26
PS55,,P551EXPIIPHI55-PHIS55)IREX55)
IF (|GASNX .EQ° O) GO TO 41

IF (|GASMX .EQo -1) GO TO 35

NQA-WGZ4/A25
CIuPZS#SQRT|G/(T2.5_AJ))_CAPSF

_CON=O
QQ(2)=O*

QQ(3I=Oe
AN25=0,25
TS25=OaBT5_T25

23 00 24 1"1_15
CALL PROCON |FAR26_TS25,CS25,AK25eCP25,REXZS_PH|S25,HS25)
V25-AN2.5_CS25

HSCAL=H25-V25_2/i2°_G_AJ)
OELHSuHSCAL-HS25
IF (ABSIOELHSI.LE.O.OOOS_HSCAL) GO TO 25

2_ TS25-TS25_DELHS/CP25
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1.b2
163
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25

26

27

28

29

30

31

32

33

35

36

37

C,'*#,$

3**

ICOMIX=8

GO TO 2
HQAT-Cl_SQRT(AK251REX25)*AM25/(Za÷(AK25--1. ISAM2555212.)**IfAK25+L.

1)II2.*IAK25"l.)))
AMX_AMZ5

IGOGO-1
GO TO 16

PS25=P251EXP((PHI2_PHIS25)/REX25)
WG&=_GZ@e_G55

EP_(S)=(PS25-PS55)/PS25
WF55 = FAR555WGS5/(FAR55*l.)

WAS5 = WG55/(FAR55_1.)
WF26 = FAR265_G26/(FAR26+lo)

WA26 = WG26/(FAR24+Ie)
FAR6 - (WF55+WF26)/(WA55+WA26)
H6- ( _ G2_H25+wG555H55) IHG6

CALL THERMO (I°_HbtTbmPHI6tAMX,I,FAR6_I)
Cl=PS55*A555(1.÷AK555AM55552)+PS255A25*II.+AK25_AM25*$21

TSb=OeB335T6

00 32 1-1_15
CALL PROCOM (FARbtTSbtCSblAKb. CPb_REXb_PH[SbtHS6)

C2=WGb$SQRTiAJ_REXb_Tb/(AKb*G))
C3=C2/(CAPSF$C1)

C6=(AKb, Io)/2.-(C3$AKb)$$2
CS=I°-2.$AKb_'C3$$2

C6=C55_2+6.$C6_C3512

ICOMIX=9
IF iC6) 28129130
CALL ERROR

RETURN
ANb2G=-C51(2.$C6)

GO TO 31
ANb2G_ISQRT(C6)-C5)/(2._C6)

IF (AM62GaLE.O.! GO TO 28
AM6G.'SQRTIAM62G)

¥6_AM6G*CS6
HSCAL=H6-Vb_$2/(2°$GSAJ)
DELHS'HSCAL-HS6

[F (ABS(DELHSI.LEeO. OOOS_HSCAL) GO TO 33
TSbsTSb+DELHS/CP6

ICOMIX=IO
CALL ERROR

A6G=A25+A55

CTuSQRTil._(AK@-.le)$AMb2GI2.)
PSb=C2/(CAPSFSA6GSAMbG$CT)

Pb=PSbSEXP((PHIb-PHISb)/REX6)
CALL THERNO (PbmHb_TbmSbtXXI_I_FARbmO)
SbAVE-(WG2_SZS÷WG555555)IIdG6
IF (S6.GE.S6AVE) GO TO 35
SbuSbAVE

P6=EXPIAMX$IPHIb-'S6)/RDEM)

[F ([GASMX.EQ. 1) GO TO 63
IF (IGASMX .EQ- -1) GO TO 36
IF ([GASMX .EQ° 2) GO TO 37

T6 = T55

P6 uP§5
H6 =H55
56 =555

WGb =WG55
PS6 =PS55

FARb=FAR55
AK6 =AK55
IF (IDES oEQQ O) GO TO 38

CALCULATES A6 AS A FUNCTION OF INPUT AM6
TS6-T6/(I.0+(((AK_'teO)/Z.O)$AN6$$2))

00 36 JJ=l,lS
AK6P'AK6

CALL PROCOM (FARbmTS6mCSbtAK6_CPbIREX6tPHISb_HS6)

V6sAM6$CS6
OELAKb=AKbP-AK6

IF (ABS(OELAK6) .LEe 0.00055AK6) GO TO 56
TSb=TbI(1.0+( ( (AKb-'I.0)/2oO)_AM6$$2))
/COMIX_11

CALL ERROR
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C

38

3q

6O

62

63

65

C

C
46

47
48
49

5O

51

52
53

56 PS6-P6/I(_.O_(((AK6-1.O)/2*O)_AM6s_2))_iAK6/(AK6,-I.O)))

AM6ABD_AM6
RHOsCAPSF_PS6/(AJ_REX6_TS6)
A6-MGb/(RHO_V6I

WRITE (6_52) A6
GO TO 66

CALCULATES M6-"F (A6OE S i GN )

TS6P-T6/( 1.0+( ( (AK6-1.0)/Z.O) _AHbABD_2 ) )
DO 39 I-l_I5

CALL PROCOM (FAR61TS6PtCS6tAK6,CP6_REX6tPHISb_HS6)
PS6P'PS6_(TS6P/TS6)_t(AK6/IAK6-1*O))
RHO6"CAPSF_PS6P/iAJ_REX6_TS6P)

Vb-SQRT(Z.SG_AJ_(Hb-HS6)I
IF I|Hb-HSb)eLT.O.O) GO TO 62
AbP-MGb/IRHOb_V6)

DELAb=AbP-A6
V6-MGb/(RHOb_A6)

AH6=V61CS6
AMb2"AMb_2

[F (ABS(DELA6) eLEoOOeOO2tA6) GO TO 60
TSbP_T6/(L*O+(((AKb-I*O)I2*O)_AM62))

ICOMIX"12
CALL ERROR

TSbuTS6P

PSbuPS6P
GO TO 46
T6"TS5
P6-P55

HblH55
$6-$55

MG6-MG55
PS6_PSS5

V6-V55

AMb=AMS5

IF (IGASNX*EQ*O) Ab_AS5
GO TO 46

WRITE (6t53) H6tHS6
ICOMIX'L3
CALL ERROR

AMbZ'AMb2G
AM6_AMbG

Ab-A25+A55
ICOMIX-O

CALL COAFSN
RETURN

KKGO=I
OPRDS'PRFDSSPRCDS

PRFNEM'PRFDS_PS55/P25_I,02
PRCNENuOPROS/PRFNEW
[COMIXsO

CALL ENGBAL
RETURN

FORMAT (22HOSQRT OF HSS.-HSS5 NEG t6EISob_6HS$$SS$)

FORMAT I20HOTURBINE AREA DESIGNtbXbH A55_pEISeStSH AM55:_EI5_8)
FORMAT |22HOSQRT OF H25-HS25 NEG t6ElS.6p6H$$$$$$)

FORMAT 125HOTURB|NE/OUCT AREA OESIGNpTH AS SueElSe8t8H AMSS'sE1

15_8t8H AZS_,EIS*8_8H AH25"tEIS.8)
FORMAT |12HOCOM|X PCNF=IF¥*6m4H AMItFS*b_SH P55ueFg*SrbH PSSS"tFg*

1S_SH P25-_F9. Sp6H PSZS-_Fg*5_bH$$$$$$)
FORMAT (IOHOCOM[x ZF'eFS°Se6H AM_tFSebeSH P55_F9*StbH PS55"_FgeSt

15H PZS"eFgeS_bH PS25"_Fge_bHS$$$$$)

FORMAT (3X_2THAFTERSURNER OES[GN AREA A6 F8.3)
FORMAT (3X_ISHNEG*HS6 FACTOR H6 Fge4t3X_6HHSb F9e6)
ENO
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$18FTC COMNOZ
SUBROUTINE CONNOZ

COMMON /WOROS/ MC)RO
COMMON /DESIGN/

1IDES ,JDES •KDES •NOOE jlNIT

2IDBURN,IAFTBN_IDCD t[NCD t|DSHOC
3LOOPERtNONAP _NUMMAP•MAPEOGtTOLALL

COMMON /ALL[/
1PCNFGUjPCNCGUtT6GU tDUND1 tDUMD2
2ZFDS tPCNFOStPRFDS tETAFDS•MAFDS

3ZCOS •PCNCDSsPRCDS _ETACOStMA_DS
_T6DS wMFBDS eDTCOOSeETABDS,MA3CDS

5TFHPDS_CNHPDS•ETHPDSeTFHPCFtCNHPCF
6TFLPDS•CNLPDS•ETLPOStTFLPCFtCNLPCF

7TZ6DS pMFODS •DTOUOS•ETAOOS•MA230S
8TTDS _MFAOS ,OTAFDStETAADS•MG6CDS

9A55 •A2S tab rAT •kB
$PS55 _AM55 •CVDNOZsCV'HNOZsASSAV

COMMON /ALL2/

tlDUMP tIAMTP •EGASMXt

eINSHOC_NOZFLTtITRYS e
eERR(9)

tDELFG eDELFN tOELSFC•
• PRFCF eET AFCFtWAFCF ,

_PRCCF t ETACCF_MACCF •
eDPCODSeDTCOCFpETABCF•

tETHPCF_OHHPCF•TZDS •
• ETLPCF•DHLPCF:tT210S •
tDPDUDS•DTDUCF_ETADCF_

IDPAFDStDTAFCF•ETAACF2

• A9 tA2B _A29 •
IAqSAV p A2BSAV•A29SAV

1T1 •P1 ,H1 •$1 •T2 •P2 •142 ,$2 ,

2T21 •P21 ,H21 e521 tT3 _P3 •H3 •$3 •
3T_ •P6 ,H6 ,56 tT5 •PS •H5 _$5 t
6T55 tP55 •H55 •$55 •BLF •BLC _BLiXI •8LOB

5CNF •PRF tETAF _MAFC tMAF eMA3 •_G6 •FAR6 t

bCNC pPRC tETAC jWACC •MAC •ETAB •DPCOM •DUMP
7CNHP •ETATHPtDHTCHP_DHTC •BLHP •MG5 •FAR5 •CS •
BCNLP IETATLP•DHTCLP•DHTF •BLLP •MG55 •FAR55 •HPEXT •

9AM jALTP •ETAR _ZF ePCNF _ZC •PCNC ,WFB e
STFFHP tTFFLP •PCBLF tPCBLC •PCBLOU•PCBLOB•PCBLHP•PCBLLP

COMMON /ALL3/

• XWAF tXMAC IXBLF tXBLDU

tXP21 _XH21 •XS21 •T23

• P26 •H26 eS26 _T25
_P28 tH28 •$28 •T29
_MFD _MGZ6 •FAR26 eETAD

ePS28 _VZ8 •AN28 _TS29
_XP55 eXH55 _XS55 •XT25

_X_G55 _XFAR55•XMFD •xMG26
• P6 _H6 •S6 •T7

_P8 •H8 tS8 _T9

1XPX
2XT21

3T26

6T28
5HAD

6TSZ8
7XT_5
8X_FB

9T6
$T8

eXH3 ,DUMS1 •DUMS2
tP23 ,H23 tS23

• P25 _H2S pS25 ,

_P29 _H29 •529 •
_DPDUC _BYPASS•OUMS3 •
mPSZ9 •VZ9 _AM29

tXP25 tXH25 tXS25 •
tXFAR26•XXPI •DUMB

• P7 tH7 _$7 •
• P9 •H9 _$9

COMMON /ALL6/

XMG6 •MFA •MG7 •FAR7 •ETAA tUPAFT •V55 eV25 •

2PS6 _V6 •AM6 _TST _PS7 tVT _AM7 •AM2S ,
3TS8 _PS8 _V8 _AM8 _TS9 •PS9 •V9 •A_ •

6VA •FRO •VJD •FGND _VJM tFGMN tFGPD tFGPM t
5FGR _FGP •MFT tMGT •FART _FG •FN _SFC

b_A32 ,DPMGDS_DPM|NG•MA32DS_A3B •AN38 •V38 •T38 •
7H38 tP38 _TS38 •PS38 _T39 _H3¢ tP39 _TS39
8V39 •AM39 eA39 _BPRINT_MG37 _CVDMNGtFGt_NG•FGPMNG_

9FNM|NG•FNNA|N_FMOVFN_PS39 •FFOVFNeFCOVFNtFMNDFN•FNOVFO_
$VJM tT22 _P22 •H22 •$22 _T50 •P50 _HSO

COMMON /ALLS/
1S50 _MA22 •Z[ •PCN! tCNI •PR[ fETAl _MAC|
2TFFIP •CN[P tETATIP•DHTC|PtDHTI •BLIP •PCBLIPePCNIGU_

3ZIDS ePCNIDSePRIDS •ETAIDSeMAIDS tPRICF eETAICF_MAICF
6TF|POSeCNIPDSeETIPOS•TF|PCFeCNIPCFeETIPCFtDHIPCF_MAICDSt
5_A! _PCBLI eBL! _T22DS eNA21 •MG50 •FARSO •A26

6AN23 eDUNSPL_FXFN2NtFXN2CPeAFTFAN_PUNT •PCBLID_PbOSAV_
7AMbDSV_ETAASV•FAR7SV_T6PBL tT61 _FAN t|SPt3(][

COMMON /DYN/ ITRA_tT|NE•DTtTFtJTRAN_NSTEP•TPRINT-•OTPRN1

DATA AHORD/6HMNOZZL/
MORD_AMORO
ABSAV_A8

AgSAV_A9
NOZH,,,,O

IMNOZ-O
IF (ITRAN *EQe 1) CALL NOZCTR
IF (NOZFLTeEQeIoOR-NOZFLTeEQ-3) NOZ_"I

IF (IDES.EQ*IeOReIAFTBN_GT°OeOR.NOZM.EQ.I) I IqNOZ=I

IFI|TRANeEQ. I) IMNOZ_O
IF (IRCD.EQell GO TO 1

CALL CONVRG (T7_H7_P7•S7tFAR7tMGTtPI•IRNOZtABtPTR_TB,HBtPB•SB_TS8•
XPSB•VB_ANe_ICONI

GO TO (3•3,3.2)•|CON
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1 CALL CONDIV (TT,HT.tPT;$_FART,MGTtPI,IMNOZ,A8,Ag. PTR, T8eH_,PB;_B'_T
19pHg_PgtSgtTSS.TSg, PS8tPSgtVSpVg,AMS,AMgpICON)

[MSHOC=|CON

GO TO (Te_p_tZ),ICON
Z CALL ERROR

3 T9-T8
Hq'H8

Pg=P8
$9-$8
TSq-TS8

Psg_PS8
ve-v8

AMq-AM8
A9=A8
IMSHOC=ICON÷3

ERRI6)=IPTR-Pr)/PTR

IF(ISPOOL*EQ*I) ERR I3)=ERRI6J
IF (INNOZeEQ. 1) _RITE (6t§) A8tAN8wAg,AN9
RETURN

FORMAT (16HONOZZLE DESIGN_IOX8H
1 Aq=_EISeStSH AMq=pE15*8)

END

A8"_ EL 5o 8t 81t ANB'tEIS*8_8H

7S
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80

81
82

83
84

85
86

87
88
8q

90
91

92
93
94

95
9b

97

$IRFTC CONDIV
SUBROUTINE CONDIV (TItHIgPIjS[tFARpWGtPApIDES, AT,AOsPIR,TT,HTsPTBS

1TeTOtHOIPO_SO_TSTtTSO_PSTtPSOtVT_VOtAMT,AMOp_ON)
C |CON-1 SUBSONIC_ COMPARE PIR NITH PI

C ICON-2 SONIC_ SHOCK INSIDE NOZZLE_ COMPARE PIR _[TH Pl
C ICON-3 SONIC, SHOCK OUTSIDE NOZZLE_ COMPARE PIR _ITH PI

C ICON=,4 ERROR
COMNON/UNITS/ZI

LOGICAL ZI

DIMENSION QIg)
Q(2)-O.
O(3)-O*
IF (ZI! GO TO 1DO

AJ-778.26

CAPSF-2116*?l?O

G'32.176069
GO TO 101

100 AJ-I*O

CAPSFm101325*O
G=I.O

101 CONTINUE
CALL PROCOM (FAR_TIlXXI.XX2tXX3_XXTtPHI|pXX6)

i_ SONIC CALCULAT|ONS
J-O
TSS-U.8_3ST!

1 JuJ÷l
CALL PROCOM (FARtTSS_CSSpAKICP_REXS,PHISS_HSS)

HSCAL=HI-CSS_2/(2etG_AJ)
DELHS=HSCAL-HSS

IF IABS(OELHS)-OeOOO_HSCAL) 6_6_2
2 TSS-TSS+OELHS/CP

3 ICON-4

RETURN
4 IF IIDES) 11_11_5

C _ SONIC DESIGN, CALCULATE AT
5 VT-CSS

TST-TSS

PST-PI_(TSTIT|)_-_(AKI(AK-I.))
RHOuCAPSF#PST/(AJtREXS_TST) "
AT-NG/(RHO_VT)

AMT-I.O
C t_ |OEAL EXPANSION DESIGN, CALCULATE AO

PSO-PA

1
2

3
6
5
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7
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9
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11
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13
16
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16
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21
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23
24
25

26
27

28
29
30

31

32
33
36

35
36

3T
3e
39

60

42
63
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11

18

C e**

Z9

C _lk_

ZO

J=O
TSO=TI*|PSO/PI)**.286

6 J=J÷L

CALL PROCOM (FARtTSOtCSO,AKpCP,REX,PHISO,HSO)
PHICAL=PHII-REX_ALOG(PI/PSO)
DELPHI=PHECAL-PHISO

IF (ABS(DELPHII-O,00OI*PHICAL) 8p8,7
7 TSO=TSO*EXPI_o*DELPHI)

IF (J-151 6,6,3
8 VO=SQRT(2._GtAJ*(HI-HSO))

AMO=VO/CSO

AO=(AT/AMO)_(Z.*(I.+(AK-1.)_AMO_*2/2.)/(AK+L.))_*(|AK÷I.)/(2.*(AK-
11.)))

PIR=PI
ICON=3

9 TO=TI

HQ=HI

PO=PI
SO=SI

lO TT=TI
HT=HI

PT=PI
ST=SI

RETURN

ASSUME SONIC THROAT AND ISENTROPIC EXPANSION TO AO

VT=CSS
AMT=I.O

TST=TSS

RHO=WGI(AT_VTI

PST=RHO*AJ*REX S*T STICAPSF
P IR=P ST*( T I ITST )_ _(AKI IAK- 1, ) )

IF (PST-PA) 12127,27
12 TSO=O.g5*TI

MAM=O

13 CALL PROCOM IFARwTSOrCSO,AKrCPtREX_PHISOwHSO)
AMO=SQRT(2._|(TIITSO)-L.)/(AK-I.))

AOCAL=(ATtAMO)tI2.*II.+(AK-I. IeAMO**ZI2.)/(AK+I.))_*((AK+I.)/(2.*(
1AK-I°)))

EA=|AO-AOCAL)/AO

DIR=SQRTIAO/AOCAL)

CALL AFQUIR (QII)_TSO,EA,O.tIOO*,O.OOOI,DIR,TSOTtJCON)

GO TO (14,18t3|,JCON
16 TSO=TSOT

IF ITSO-TI) 15,13f16
15 TSC=Z.*TI/(AK+I°)

IF (TSO°GT.TSCI GO TO 17

16 TSO=OegB_T|
GO TO 13

17 IF (Qi2).LT.30.O. OR.AMO. LT-O.9fi*OR-MAM.EQ°I) GO TO 13
TSo=2._TII(2.+O.98_(AK-I.)I

MAM=I

GO TO 13

PSO=PIR*iTSO/TI)**(AK/(AK-1.))

IF (PSO-PA) 20,19p27
CRITICAL FLOW, ISENTROPIC EXPAMSION TO PA
VO=AMO*CSO

ICON-I

GO TO 9

SUBSONIC FLOW

PSO=PA
q|2)=O.

Q(3)=O.
J=O
TSO=O.833_TI

21 J=J+l
CALL PROCOM (FAR, TSO,CSO,AK,CP,REX_PHISOsHSOI
RHO=CAPSF*PSO/{AJ_REX*TSO)

VO=WG/IRHO_AO)
HSCAL=HI-VO_2/(2.=G_AJ)

OELHS=HSCAL-HSO

IF (ABS(OELHS)-O,OOOS_HSCAL) 23pZ3,ZZ
Z2 TSO=TSO+DELHS/CP

IF IJ-15) 21_21,3

46

65
46
47

48
69
50

51

52

r_j
54

55
56
57

58
59

60

61
62

63
64

65

66
67

68
6g

70
TZ

TZ
73
"/4
75

76
"I7

78
79

8O
81

82
83
84
85

86
87

88
89

90
91
92

93
94

95
96
97
98

99
100

101
102

103
104
105

106
107

108
109
110

1L1
112
1L3
L14

115

116

ORIGINAI] PAGE IS

OF POOR QUALn ,,

61



25

26

C _

27

28

C E_s
31
32

23 AMO=VOIC$O

PIR_PSO_iTI/TSO)_(AK/(AK-I.))

TST=TSO

24 CALL PROCON (FAReTSTtCSTeAKsGPeREX.PH|ST.HST}
PST=PIR*(TSTITI)*t(AKIIAK-[.|)

RHO=PST_CAPSF/iAJ4q_EX_TST)
VTuth3/IRHOtAT)

HSCAL=Hi-VT_2112.SG_AJ)
EH-(HSCAL-HST|/HSCAL
DI_=I.+IHSCAL-HST)/iCP_TST)

CALL AFQUIR (Q(1) tTSTeEHeOetZOe_O-OOOSeDIR,TSTTtJCON)
GO TO (25t26t3)tJCON
TST=TSTT

GO TO 26

AMT=VT/CST

ICON=I
GO TO 9

SUPERCRITICAL FLOMt ISENTROPIC EXPANSION TO Pk
PSO'PA
J=O

TSOuTIOiPSO/P[R)_-286
J=Jel
CALL PROCOM (FAReTSO,CSO,AK.CPoREX_PHISOeHSO)
PH|CAL=PHII-REX_ALOG(PIR/PSO)

DELPHI=PH[CAL-PHISO

IF |ABSIOELPHI)-O.DOOISPHICAL) 3D_30,2 Q
29 TSO=TSOSEXP(6eO_DELPHI)

IF |J-L5| 28,26,3
30 YO-SQRT(2.SG_'AJ_(HI-HSO))

ANO=VO/CSO

AO|D=(AT/ANO)_(2._(le+(AK-I.)_AMO_2/2.)I(AK÷I.)I_Ii(AK÷I.)/(2._(A
IK-1.)))

ICON=3

N=O
IF {AO-AOID) 31,9.32

SUPERCR[T|CAL FLON, ISENTROPIC EXPANSION TO AO
N=I
TSOuO.833STI

J=O
33 J=J÷l

CALL PROCON (FAReTSO_CSOeAKtCP,REX,PHISO,HSO;

AMO=SQRT(2._I(TIITSO|-I.)/(AK-1.))
AOCAL-(AT/AMO)e(2._(I.÷(AK-I.)tAMO_Z/Z.)/(AK+I.)}_((AK÷I.)I(2oS(

35
C _t*

36

3T

C e&_

38

3q

IAK-I.)))
DELAuAO-AOCAL
IF IABSIDELA)-O.OOOI*AO) 35,35,36

36 TSO=TSO_SQRT(AOCAL/AO)
IF (J-50) 33.33.3
IF IN) 37.37.36
UNDEREXPANDEOe SHOCK OUTSIDE NOZZLE

PSO=PIRS(TSO/TI)_(AK/(AK-I°))
VO=ANO_CSO

GO TO 9

OVEREXPANOEDt FIND SHOCK POSITION
PSX=PIR_[TSOIT! )_S|AK!iAK-Ie) }

P SY-P S Xt( 2._AK_AMO_2/( AK÷ 1. ) - ! AK- 1. ) / ( AK+ 1° ) )

IF (PA-PSY} 38,39,39
OVEREXPANDED, SHOCK OUTSIDE NOZZLE
PSO_PSX

VO=A_O_CSO

GO TO 9
OVEREXPANDED. SHOCK INSIDE NOZZLE

PSO=PA

J=O
TSO'O°833_T[

_0 _=J÷l
CALL PROCON (FAReTSO.CSO,AK.CP.REX.PHISO,HSOI
_HO_'CAPSF#PSOI(AJ_q_EX_TSO)

VO'MG/(RHO_AO)
HSCALaHI-VO**Z/(Ze_G_AJ)
DELHS'HSCAL-HSO

IF (ABSIDELHS)-OoOOO._I'HSCAL) 6.2.62.61

61 TSOuTSO÷DELHS/CP

117

118

119

120
121

122
123

126
125
126

127
128
129

130

131
132
133

134

135
136
137
138

139
160

161
162

163

165

167

168

150
151
152
153

15_

155
156

157
158
159

160

161
lb2
163
166

165
166
16T

168
169

170

_71
172
173
176

175
17b

177
178

179

180
181

le2
183

18_
185

186
187
188

189

62



62
IF (J-15) 60e60t3
AMO=V O/C SO
TO-T!
HO-H [

PO,,PSO$(TOITSO)sS (AK/(AK-I.) )
$O-PH I I-RE XtALOG( PO )
ICON-2

GO TO 10
ENO

190

191
192
L93

194
195
196

197
198

$1BFTC CONOUT
SUBROUTINE CONOUT (ICON)
COMMON /MOROS/ MORD

COMMON /DESIGN/

IIOES tJOES _KDES pMOOE pINIT pIDUMP tIAMTP wIGASMXt
2[OBURN_IAFTBNt[OCO vIMCD pIOSHOC_IMSHOCfNOZFLTfITRYS

3LOOPERtNOMAP tNUMNAPtMAPEOGITOLALLeERR(9)
COMMON �ALL1�

IPCNFGUtPCNCGUtT6GU jOUMOI *OUFD2 tDELFG tOE LFN tDELSFCt
2[FOS tPCNFOStPRFOS fETAFOStWAFOS pPRFCF tETAFCFeMAFCF ,
3ZCDS pPCNCDStPRCOS pETACOSt_ACDS 9PRCCF tETACCFtMACCF p

6T6DS t_FBOS tDTCODStETABOStMA3CDStOPCOOStOTCOCFtETABCFt

5TFHPDS_CNHPOSeETHPOSeTFHPCFtCNHPC_ETHPCFtOHHPCFtT20S t
6TFLPDStCNLPOStETLPDS_TFLPCF_CNLPCF_ETLPCFtOHLPCFtT21DS
TT240S eMFODS tDTOUOStETAOOS_MA230S_DPDUOStOTOUCFeETAOCFt

8TTDS eWFADS eDTAFDSeETAADSeHG6CDSeDPAFDSeDTAFCFeETAACFe
9A55 tA25 pA6 eAT tAB tA9 _A28 sA29

SPS55 tAM55 tCVDNOZtCVMNOZeABSAV tAgSAV _A2BSAVtAZgSAV
COMMON tALL2/

1TI _Pl tHl tSl tT2 tP2 tH2 tS2 t

2T21 ,P21 ,H21 tS21 _T3 sP3 ,H3 eS3 e

3T4 tP4 tN4 tS4 eT5 eP5 tH5 tS5 P
6T55 tP55 tH55 tS55 _BLF eBLC tBLOU _BLOB t

5CNF _PRF pETAF pMAFC eMAF eMA3 e ldG6 tFAR4 t
6CNC BPRC tETAC tMACC pMAC eETAB tDPCOM tDUMP t
7CNHP tETATHPeDHTCHPmOHTC tBLHP tt¢G5 tFAR5 tCS 1

BCNLP _ETATLPtDHTCLPeOHTF _BLLP _MG55 tFAR55 _HPEXT t
9AM

STFFHP
_ALTP ,ETAR tZF tPCNF ,ZC t PCN£ _MFB t

,TFFLP ePCBLF ,PCBLC ePCBLDU_PCBLDBtPCBLHPePCBLLP
COMMON /ALL3/

IXPI eXMAF ,X_AC _XBLF _XBLOU

2XT21 tXP21 _XH21 tXS21 eT23
3T26 _P24 tH26 eS24 tT25

6T28 eP28 tH28 _$28 _T29
5MAD tMFD _MG24 _FAR24 eETAC

6TS28 ePSZ8 _V28 ,AM28 _TS29
7XT55 eXP55 eXH55 eXS55 ,XT25

eXMG55 _XFAR55eXMFO tXMG26
_$6 ,T7
tS8 tT9

8X_FB

9T6 _P6 tH6

$T8 _P8 tH8
COMMON /ALL6/

1_G6 eMFA eMG7 eFAR7 eETAA

2PS6 ,V6 tAM6 eTS7 _PS7
3TS8 tPS8 _V8 tAMS _TS9
6VA _FRD tVJO _FGMO tVJM

5FGM _FGP _MFT tMGT _FART
6t4A32 _DP_GOS_DP_INGe_A32DSeA38

71'138 tP3B _TS38 ePS38 _T39
8V39 tAM39 _A39 eBP_INTeMG37

tXH3 e DUMSI eDUMS2 ,

tP23 eH23 tS23 t
eP2S ,H25 _$25 t

_P29 tN29 _529 ,
vDPOUC _BYPASStDUMS3

tPS2g _v2g _AM29 t
eXP25 e XH25 eXS25
eXFAR24_XXPI _DUMB

_P7 tH7 tS7
eP9 el'19 eS9

eDPAFT eV55 eV25 *
tV7 tAM7 _AM25 ,

ePS9 tV9 _AM9 e
eFGMM tFGPO tFGPM e
eFG ;FN eSFC

tAM_8 eV_8 tT_8 e

tH3g eP39 eTS39
_CVOMNGtFGMMIqG_FGPMNG_

9FNMING_FNMAIN_FI_3VFN_PS39 _FFOVFN_FCOVFN_FMNOFNtFNOVFDt

$VJM eT22 eP22 tH22 tS22 _TSO ePSO tHSO
COMMON FALLS/

IS50 tMA22 tZI tPCNI tCNI _PRI fETAl eMAC!
2TFFIP eCNIP _ETATIP_DHTCIP_OHT[ eBLIP _PCBLIPePCNIGUe
3ZIDS ,PCNIDSePRIDS eETAIDSe_AIDS ePRICF _ETAICFe_AICF

6TFIPDS_CN|POStETIPOS,TFIPCFtCNIPCFtET|PCFeOHIPCFeMAICDSt
5MA[ ePCBL[ _BLI ,TZ2DS _MA21 ,MGSO tFARSO ,A26
6AM23 _DUMSPLtFXFN2MeFXM2CPvAFTFANtPUNT _PCBLIOtPbOSAV;

7AMbDSVeETAASV_FARTSV_T6PBL iT61 eFAN _[SPDQL

1
2

3
6
5

6
7

8

9
IO
11

12
13

14
IS

16
17
18

19
20

21
22

23
24
25

26
27

28
29

30
3t

32
33
36

35

36
37
38
39

_0

61
62
63
46
45

67

68
69

50

51
52
53

56
55
56
57

58

63



04

21

22
23

2_

DIMENSION PARAMi624) eWORDYI626)tIOUT|150)_AOUTi6)_WOUT(6)
EQUIVALENCE (PARAM_PCNFGU)

DATA (MOROY(I)tIslt98)/
lbHPCNFGU_6HPCNCGUe6HT6GU IbHDUHDI t6HDUMO2 t6HOELFG _6HDELFN t

2bHDELSFCebHZFDS jbHPCNFDSebHPRFOS tbHETAFOSebHWAFDS mbHPRFCF e
3bHETAFCFt6HMAFCF _6HZCOS p6HPCNCOSebHPRCDS .6HETACDSp6HWACOS t

66HPRCCF w6HETACCF.6HMACCF .6HT6DS e6HWFSOS 16HDTCOOSe6HETABDSt
5bHMA3COSebHDPCODStbHOTCOCF.6HETA6CFtbHTFHPOSt6HC_HPOS.bHETHPOS.
6bHTFHPCFt6HCNHPCF_6HETHPCFt6HDHHPCFe6HT20S e6HTFLPDSe6HCNLPDSt

T6HETLPOSt6HTFLPCFmbHCNLPCFp6HETLPCFe6HDHLPCF_bHT21DS .6HT24DS t
86HMFDOS e6HDTOUOSt6HETADOS.6HHA23DS_6HDPDUOSt6HDTOUCFt6HETAOCFe
96HT7DS e6HMFADS t6HDTAFDSe6HETAAOSe6HWG6CDSt6HDPAFDS.6HOTAFCFe

$bHETAACFtbHA55 _6HA25 .bHA6 tbHA7 .6HA8 .6HA9

$bHA28 t6HA29 e6HPSS5 _6HAM55 e6HCVONOZ.bHCVHNOZ_bHA8SAV e
$6HAOSAV e6HA28SAVe6HA29SAV.bHTI w6HP1 tbHH1 .6HS1 t

$6HT2 tbltP2 j6HH2 .6HS2 t6HT21 16HP21 16HH21 e
SbHS21 _6HT3 .61"1P3 e6HH3 _6H53 .6HT6 .6HP6 /

DATA IMORDYI|).I'99.189)/
16HH6 t6HS6 ebNT5
26HP55 .6HH55 t6HSS5

36HCNF ebHPRF .6HETAF
6bHFAR6 e6HCNC tbHPRC

5bHDPCDM ebHDI_qP e6HCNHP
bOHMG5 .6HFAR§ _bHCS

76HBLLP _6HMG55 .6HFAR55
8bHZF _6HPCNF tbHZC

t6HP5 .6HH5 _6HS5 .6HT55 t
e6HBLF _6HBLC v6HBLDU ebHBLOB t

.bHWAFC _6HMAF pbHWA3 ebHMG6 .

.6HETAC .6HMACC .6HMAC .6HETA8 t

tbHETAT_PebHDHTCHP.6HOHTC .bHBLHP
.6HCNLP t6HETATLPtbHOHTCLP_bHOHTF t

e6HHPEXT .6HAM p6HALTP e6HETAR t
.bHPCNC _6HMF8 ebHTFFHP .bHTFFLP

96HPCBLF tbHPCBLC

$6HXHAF ebHXMAC e6HXBLF
$6HXTZ1 _6HXP21 .6HXH21 .bHXSZL

$6H523 _ 6HT26 _bttP24 .bHH26
S6HH25 _6HS25 .6HT28 tbHPZ8

DATA (WORDY(|).1=190.280)/
16HP29 tbHH29 .6HS29 .bHWAD
2bHETAD _6HOPDUC _bHBYPASS_bHDUMS3

3bHAN28 _6HTSZ9 .bHPS29 .6HV29
66HXH55 _6HXS55 tbHXTZ5 .bHXP25

56HXMG55 _6HXFAR55_bHXWFD t6HX_G24
b6HT6 ebHPb .6HHb .6HS6

7bHS7 e6HT8 _bHP8 .bHH8
80HH9 ebHS9 .6Ht_6 _6HMFA

96HDPAFT _6HVS_ e6HV25 .6HPS6
SbHPS7 ebHV7 .6HAM7 .6HAM2_

$bHAN8 ebHTS9 .6HPS9 .6HVq
$6HVJD e6HFGND .6HVJH .6HFGMN
$6HFGP .6HMFT .bHWGT .6HFART

.6HPCBLDU.6HPCBLOBtbHPCBLHP.bHPCBLLPt6HXPI

_6HXBLDU _6HXH3 _6HDUHS1 .6HDUMS2
e6HT23 _6HPZ3 .6HHZ3 t
e6HS24 _6HT25 ebHP25

ebHH28 .6HS28 e6HT29 /

DATA IMORDYIII.I_281.373)/
16HMA32 ,6HOPMGDS_bHDPMING_bHMA32DS
Z6HV38 ,6HT38 ,6HH38 .bHP38

36HH39 ,6HP39 6HTS39 .61"IV39
66HWG3_ ,6HCVO_NG,,bHFGNMNG_bHFGPMNG
5bHPS39 _6HFFOVFN,bHFCOVFN_bHFMNOFN

9bHT22 _6HP22 ,bHH22 _bHS22
$6HS50 ,6HMA22 ,6HZ! ebHPCN|

_6HMFD _6HWG24 t 6HFARZ6 .
_6HT$28 .6HPS28 _6HV26 .

,6HAM29 _6HXT55 _6HXP55
,6HXH25 _6HXS2 § e6HXMFB
6HXF AR26 tbHXXP ]L _ 6HDUH8

,6HTT _6HP7 .6HH7 e
,6HS 8 .6HT9 ebHP9 e

,6HIiG7 vbHFAR7 _ 6HETAA e
,6HV6 _6HAN6 _6HTS7

_6HTS8 _6HPS8 .6HV8 _,
_6HAM9 _6HVA e6HFRD

,6HFGPO .6HFGPN .6HFGM
,6HFG .6HFN _6HSFC /

,bHA38

,6HTS38
,6HAM39

_6HFNMING
,6HFNOVFD
,6HTSO

,6HCN|

,bHAH38

6HPS38 .6HT39
6HA39 .6HBPR INT.

,6 HFNNAI N. 6HFMOVFN
,6HVJW .

,bHPSO .6HH50 .
6HPR[ _6HETAI e

,6HCNIP _bHETATIP:6HDHTC|P

_bHZIDS .bHPCNIOS_bHPRIDS
_6HMA|CF .6HTFIPDSe6HCN|PDS
_6HOH|PCFebHMA[CDSe6HMA!

,bHMG§O .6HFARSO .6HAZ6
6HAFTFANebHPUNT .6HPCBL|D

$6HMAC| ,6HTFFIP

SbHPCBLIPtbHPCN|GU
$6HPRICF e6HETAICF

SbHCNIPFCe6HETiPCF
SbHTZ2OS tbHMAZ[

$6HFXFNZM_6HFXN2CP
$6HETAASV_bHFAR7SV bHT4PBL _6HT61 I

DATA THEENDtBLANKtLINIT/bHTHEEND.bH .373/

_ONNONIUNITS/S!

LOGICAL SI
|FIICON.EQ_I) GO TO 26
IF (SI) GO TO 22

WRITE I6.21)

FORMAT IIXe3OHTHE OUTPUT IS IN ENGLISH UNITS)
GO TO 24

WRITE 16_23)
FORMAT (IX.25HTHE OUTPUT IS IN SI UNITS)
CONTINUE

GO TO (IebI.ICON
INPUT SECTION

,6HOHTI _6HBLIP
,6HETA|OS.bH_AIOS

,6HETIPDS_6HTFIPCFe
,6HPCBL! _6HBLI t
6HAN23 .6HOUHSPL_

6HP6DSAV_6HAM6DSVe

59

60
6"1

62
63

64
65

66
67
68

69
70

71
7Z
73

76
75

76
77

78
79
80

81

82
83
8_
85

86
87

88
89

90
ql

q2
93
96

95
96
97

98

99
100

101
10Z
103

106
105
106
107

108
109

110

111
112
113

116
115

116
117

118
119

120
121

122

123
126

125
126

12T
128
129
130

131



1.

2

3

4

5

C ***
6

7

8

9

10

C
C
C
ll

12
13
14

_5

DO _ N=I,150

NUM=N

READ I5,11| AIN,CHANGE

IF (AIN.EQ.THEEND) GO TO 5

DO 2 J:I,LIMIT

JJ=J

IF (AIN.EQ.WORDY(J)) GO TO 3
CONTINUE

WRITE (6p12) AIN

GO TO 4

10UT(NUM)=JJ

IF (CHANGE.NE.BLANK) WORDYIJJ)=CHANGE

CONTINUE

WRITE (6,13)
NUM=NUM-1
RETURN

OUTPUT SECTION

IF INUM-EQ.I) GO TO I0

N=NUM

J=6

O0 9 I=I,NUM,6

IF (N.GT°6) GO TO 7
J=N

N=N-6
DO 8 K:I,J

L:I÷K-I

M=IOUT(L)

WDUTIK)=WORDYIM)

AOUT|K)=RARAMIM)

WRITE (6t14) (wOUTIK),K:I,J}

WRITE (6mLS) |AOUT(KI_K:L_J)

IF (N.LE-3) GO TO i0

CONTINUE

RETURN

FORMAT (A61,6X, A6)

FORMAT (IOHOTHE WORD ,Ab,26H NOT FCUNO IN COMMON ARRAY)

FORMAT (22HOERROR IN CONOUT INPUT)

FORMAT I26XrA6w5|gXA6))
FORMAT | IH ,2DX6E 15.6)

ENO

1.32
133
134

135
136

137

138
139

140
141

142
1_,3

14/,
145
146

L47

148
149
150

151
152

153
].54

155
156
157

158
159

160
161
I62

163
164

165
156
].67

108
].69
i.70

IT1
172

1.73
174

$IBFTC CONVRG

SUBROUTINE CONVRG ITI_HI,PI_SI_FARtWG_PAmIDES,AO_PRtTOtHO_PO_SOpTS

IO,PSOpVCtAMQtICON|

C ICON=1. SUBSONICw COMPARE PI wITH PR

C ICON=2 SONIC, COMPARE PI WITH PR

C ICON=4 ERROR

COMMON/UNITSIZI

LOGICAL Zl

IF (Zl) GO TO TO0

AJ=778.26

CAPSF=2].16°217
G=32o1.74049
CPG=°Z50
GO TO 1.0].

IO0 AJ=I,O
CAPSF=I.O

G=I,O
CPG=IO48.

CONTINUE

CALL PROCOM (FARtTItXX].pXXZ,XX3,XX4,PHII,XX6}

SONIC CALCULATIONS

J=O

TSS=O.B33=TI

l J=J÷l

CALL PROCOM IFAR, TSS_CSStAKStCPtREXStPHISStHSS)

1
2
3
4

5

6
7

8
9

10
L].

12
13
14
15

16
1.7

18
].g

20
21

22
23
24

65



2

3

6

C , :,l,i,

5

6

7

8

C **_'
9

10

C **$

11

C ***
LZ

C **,l,
13

C ***

14

1.5

16

17

HSCAL=HI-CSS*_2/|2°*G_AJ)

OELHS=HSCAL-HSS
IF (ABS(OELHS)-O,OOOS*HSCALI 4,4,?

TSS=T SS+DELHSICP
IF (J-iS) l_lt3

ICON=6

RETURN

IF (IDES) 12_12_5

ISENTROPIC EXPANSION CALCULATICNS

J=O

TSI=TI*IPA/PI)**O.286

d=J+l
CALL THERMO IPA,HSI,TSI,SSIeXXItltFAR,O}

IF (ABS(SSI-SI)-O.O001*SI) 8,8,7
TSI=TSI/EXP((SSI-SI)ICPG)
IF (3-30) 6,6_3

VIS=SQRTI2._G*AJ_|HI-HSI))

IF IVIS-CSS! 9,11,11

SUBSONIC DESIGN, CALCULATE _0

VO=VIS

TSO=TSI

PSO=PA

CALL PROCOM (FARtTSO,CSOtXX2,XX3_REX_PHISO_HSO)

RHO=CAPSF*PSO/IAJ*REX_TSO)

AO=WG/(RHO_VO)

AMO=VO/CSO

PR=PI
ICON=I
TO=TI

HO=HI

PO=PI
SO=SI
RETURN

SONIC DESIGN, CALCULATE AO

VO=CSS

TSO=TSS

PSO=PI_(TSOITI)**iAKS/(AKS-I.))

RHO=CAPSF_PSO/{AJ*REXS_TSOI

AO=WG/|RHO*VO)
AMO=l.O

PR=PI
ICON=2

GO TO I0

NON-DESIGN, CALCULATE CRITICAL CONDITIONS

VO=CSS

TSO=TSS

PSO=PA

RHO=CAPSF*PSO/IAJ_REXS*TSQ)

AOCRIT=WGI(RHO*VO|

A_O=l.O

PR=PSO*(TI/TSOI**iAKS/(AKS-1,))

IF (AO-AOCRIT) 13,13,14

NON-DESIGN, CRITICAL AND SUPERCRITICAL CCNOITIONS

PSO=PSO*AOCRIT/AO

PR=PR_AOCRIT/AO

ICON=2

GO TO I0

NON-DESIGN, SUBSONIC CALCULATICNS

PSO=PA

J=O

TSO=O.833_TSO

J=J+l

CALL PROCOM (FAR, TSO,CSO,AKO,CP,REX,PHISO,HSO)

RHO=CAPSF*PSOI(AJ*REX*TSOI

VO=WG/(RHO*AO!

HSCAL=HI-VO**2/(2.*G*AJ)

DELHS=HSCAL-HSO

IF (ABS(OELHS)-O. OOOS*HSCAL) 17,17,16

TSO=TSOeDELHS/CP

IF {J-15) 15,15,3

AMO=VO/CSO

PR:PSO*(TI/TSO)*e(AKO/IAKO-I.))

ICON:I

25

26
27

28
29
3O

31
32

33

34
35

36
37
38

39
4O
41

42
43
44

45

46
47
48

49
50

52

53
5_

55
56
5?

58

59

60
61

62
63
64

65
66
67
68

69
70

71

72
73
74
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$|BFTC DERIV

FUNCTION DERIV(lwX)

_OMMON IDYNI ITRAhwTIME,DT,TFpJTRAN_NSTEP,TPRINTIDTPRNT

COMMON /FOCI FOI50,6)
IF(JTRAN,,EQ, I) GO TO l
DERIV=O,O

FO(II, 1 l= X

FO(Ip2)=X

FO(|, 3)=DERIV

FO( ItB)=DERIV
RETURN

1 XO=FO! 1,2l

DERIV=IX-XO)/DT
FOIl,l)= X

FDIIt3)=DERIV
RETURN

END
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q9

o

I

2

3

6

5

6

7

8

9

I0

tl

12

13

14

15

16

$[BFTC ENGBAL

SUBROUTINE ENGBAL

COMMON /WORDS/ WORD

COMMON /DESIGN/

IIDES ,JDES ,KDES ,MODE ,INIT tlOUMP ,IAMTP ,IGASMX,

ZIDBURNtIAFTBNtIDCD ,IMCD ,IDSHOC,IMSHOC,NOZFLTsITRYS ,

3LODPERpNOMAP ,NUM MAPtMAPEDGtTOLALLwERR(9)

COMMON IALLI/

tPCNFGUpPCNCGUpT4GU _DUMDI _DU_D2 tDELFG _DELFN ,DELSFCf
2ZFDS _PCNFDS,PRFDS ,ETAFDS_WAFDS ,PRFCF _ETAFCF,wAFCF =

3ZCDS _PCNCOS,PRCDS pETACDS, WACDS ,PRCCF ,ETACCF,WACCF

6TBDS pWFBDS pDTCODS,ETABDS,WA3CDS,DPCODS,DTCOCF,ETABCFt

5TFHPDStCNHPDS_ETHPDS,TFHPCF,CNHPCF,ETHPCF_DHHPCFpTZDS t

6TFLPDS_CNLPDStETLPDStTFLPCF_CNLPCF_ETLPCF,DHLPCFpT21DS

7TZBDS ,WFDDS ,DTDUDS,ETAODS_WA23DS,DPDUDS_DTDUCFtETADCF,

8TTDS tWFADS _DTAFDS,ETAADSpWG6CDS,DPAFDS,OTAFCF,ETAACF,

9A55 tA25 ,A6 _A7 _A8 _A9 ,A28 ,A29 ,
$PS55 ,AM55 ,CVDNOZ_CVMNOZ,ABSAV _A9SAV ,A28SAV,A29SAV

COMMON /ALL21

1TI ,Pl tH1 ,SI _T2 ,P2'_ ,,H2 ,$2 p
2TZl pP21 tH21 tS2L ,T3 ,P3 sH3 ,53 t

3T_ tP_ _H_ _$6 _T5 tP5 tH5 _55 t
6T55 ,P55 _H55 ,$55 ,BLF _BLC _BLDU _BLOB
5CNF _PRF ,ETAF _WAFC ,WAF ,WA3 ,WG6 tFAR6 ,

6CNC _PRC ,ETAC _WACC ,WAC ,ETAB ,DPCOM ,DUMP
7CNHP _ETATHP_DHTCHP_DHTC _BLHP _WG5 ,FAR5 tCS
8CNLP ,ETATLP,OHTCLP,DHTF ,BLLP ,WG55 ,FAR55 pHPEXT
9AM _ALTP ,ETAR ,ZF _PCNF ,ZC _PCNC _wFB

STFFHP _TFFLP ,PCBLF ,PCBLC ,PCBLDU,PCBLOB,PCBLHP_PCBLLP

COMMON /ALL3/

lXPl tXWAF ,XWAC ,XBLF ,XBLDU eXH3 eDUVSl _DUNSZ

2XT21 ,XP21 ,XH21 ,X521 ,T23 _P23 _H23 ,$23
3T26 _P26 _H26 ,$2_ ,T2_ _P25 _H25 ,$25

6T2B _P2B _HZB _S2B ,TZq _P29 ,H29 ,$29 t
5WAD _WFD ,WG26 _FAR26 _ETAD _DPDUC ,BYPASS,DUMS3

6TS28 _PS28 _V2B _AM28 _TS29 _PS29 tVZ9 ,AM29
TxT55 _XP55 ,XH55 ,XS55 ,XT25 tXP25 eXH25 _XSZ5

BXWFB _XWG55 _XFAR55,XWFD ,XWG26 _XFAR26_XXPI _DUMB
9T6 _P6 ,H6 ,$6 tTT _P7 tH7 _$7 e

$T8 ,P8 eM8 ,SB eT9 eP9 .H9 ,$9
COMMON /A_LB/

1WG6 tWFA _WG7 ,FAR7 ,ETAA eDPAFT _V55 ,VZ5 t
2PS6 ,Vb ,AM6 _TS7 _PS7 _V7 ,AMT _AMZ5 t

6

5
6
T

8

9
10

Z!
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16
1.5
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28

29
:3O

3L
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35
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37

38
39
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68

I00

I01

3TS8 pPS8 tV8 _AM8 ,TS9 tPS9 pV9 _AM9

6VA _FI_D _VJD _FGMO _VJM ,FGMM ,FGPD ,FGPM ,

5FGM rFGP rWFT eWGT tFART eFG tFN _SFC t
6wA32 _DPWGDS t DPW ING _ WA32DS _A38 _AM38 _V38 pT38 y

TH38 _P38 pTS38 z,PS38 I, T39 tH39 =,P39 jTS39 I

8V39 _AM39 tA39 =BPRINTt WG37 _CVOWNG_ FGMflNG pF GPWNG_

9FNW ING _FNMA INf FwOVFN w PS39 t FFOVFNt FCOVF N_ FMNOFN, FNOVFDt

SVJW _TZ2 _P22 _HZZ pS2Z _TSO z,PSO pH50
COMMON IALL5/

IS5O ,WA22 tZl tPCNI _CNI ,PRI ,ETAI _WACI ,

2TFFIP ,CN[P tETATIP,OHTCIP_OHTI :BLIP _PCBLIP,PCNIGU,

3ZIDS _RCNIOStPRIDS ,ETAIOSpWAIDS _PRICF _ETAICF,WAICF ,

6TFIPDS,CNIPOS_ETIPDS,TFIPCF_CNIPCF_ETIPCFtDHIPCF_WAICDS,

SWAT ,PCBLI tBll tT22DS tWA2[ tWGSO IFAR50 tA24 t

6AM23 _DUMSPLtFXFN2MgFXMZCPtAFTFAN_PUNT _PCBLID_P6DSAV,
7AM6DSVtETAASVIFAR7SVtT6PBL _T_l tFAN _ISPOOL

COMMON /DYNI ITRAN_TIMEIDT_TFtJTRANINSTEP_TPRINT_DTPRNT

LOGICAL ERREReFXFN2M_FXM2CP_OUMSPL,FAN

DIMENSION DELSAV(9)

COMMON/ERERIERRER

DIMENSIONVAR(9)eDEL(9)_ERRBIg)_DELVAR(gI_EMAT(9_9)_VMAT(9)_AMAT(9)

DATA AWORDI6HENGBALI

DATA VDELTA_VLIM_VCHNGE_NOMISXI

I 1.E-6_0.100_0.850_6/

DATA DELI9*O./

DATA DELSAV/9_I.E-6t
IFIITRAN.NE.|) GO TO 100

CALL SYG(I}

JTRAN=I

INIT=I

NSTEP=NSTEP_I

TIME=DT_FLOAT(NSTEP)
IF(TIME.GT.TF) GO TO lO0
CALL OISTRB

CALL GOINLT
GO TO lOl
CALL PUTIN

CONTINUE

IF (INIT.EQ°I) GO TO 1
TFFHP=TFHPDS
TFFIP=TFIPDS
IF (FXM2CP) TFFIP=TFHPDS

TFFLP=TFLPDS
LOOPER=O

NUMMAP=O

NOMISS=O

LOOP=O
MISMAT=O

NOMAP=O

IGO=2

DO 3 I=It9

VNAT( [)=0.

AMAT(I)=O.
DELVAR([I=O.

DO 3 L=I_9
EMAT(IeL)=O.
LOOPER=LOOPER÷I

CALL COFAN
WORD=AWORD

[F(.NOT.FAN) OUMSPL=.TRUE.

IF (LOOPER.GT, ITRYS) ERRER=°TRUE.
IF ILOOPER,GT_ITRYS) GO TO 26

IF (NOMAP.GToO} GO TO 2
NUMMAP=O
VARil)=ZF*IO3°

IF (MODE.NE.3) VAR(2)=PCNF
IF IMODE.EQ.3) VAR(2I=T6/lO.

VAR|3)=ZC*[O0,
IF (MOOE.NE-I) VAR(6)=PCNC

IF (MODE.EQ.I) VAR(6)=T61[O.

VAR(SI=TFFHP
VAR|b;=TFFLP

VAR(II=ZI*XO0.
VAR(Bt=PCNI
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61
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65
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67
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69
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T2
T3
76
75
T6

77
78

79
80

81
82
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86
85

86
87
88

89
90
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39

10

II

12

13

15

16

17

18

19

VAR(9)nTFFIP
NNAX=9

IF(FAN) GO TO 39
NMAX=6

IFIISPOOL.EQ.2) GO TO 7
NMAX=3

VAE(3I=TFFLP
GO TO 7

IF(oNOT,FXFN2NoANDoloNOTeDUNSPL)) GO TO b
NHAX=7

IF {OUNSPL) NMAX=6
IF (.NOTeFXN2CP) GO TO 7

NMAX=T
VAR(**)=PCNI

VAR(5)=TFF[P
CONTINUE

00 8 I=I_NMAX
IF (ABSIERR|I)),GT.TOLALL) GO TO 9
CONTINUE

IFIITRAN. EQel) CALL ROLL
CALL PERF

CALL ERROR
IF (LOOP,GToO) GO TO I[
MAPEOG=O

MAPSET=O

00 LO I=ItNNAX

ERRB(I)=ERR([)
DEL(I)=VOELTA*VAR(I)

GO TO l**

IF (NISMAT.GT.O) GO TO Z9

IF (gAP EDG.EQoO) GO TO 12
MAPEDG=O

MAPSET=I
VAR(LOQP)'VARILOOP)_2-*OEL(LOOP)

;0 TO 15

[F (MAPSEToEQoO) VARILOOP)=VAR(LOOP)÷DEL(LOOP)

IF |NAPSET.EQ.I) VARILOOP)=VAR(LOOP)-OEL(LOOP)
MAPSET=O

00 13 I=I_NNAX
IF |DEL(LOOP)oNE. O.) DELSAV(LOOP)=DELILOOP)
IF (OEL(LOOP)oEQ. Oo) OEL(LOOP)=DELSAVILOOP)

EMAT(ItLOOP)=(ERRB(I;-ERR(I)I/OEL(LOOP)
CONTINUE

LOOP=LOOP+I
IF (LOOP.GToNHAX) GO TO 17
VAR(LOOP)=VAR(LOOP)-OEL(LOOP)

ZF=VAR(I)/IOO.
IF (MODE.NEo3) PCNF=VARIZ)

IF (MODE, EQ, 3) T**=VARI2)*IOo
ZC=VAR(3)/IOOe

IF |NODE.NE.I) PC NC=VAR(**)
IF (NODE.EQ.I) T**=VAR(**IeIO.
TFFHP=VAR(5)
TFFLP=VAR(6)

ZI=VAR(7)/IO0.
PCNI-VAR(8)

TFFIP=VAR(9)
IF (oNOToFXg2CP) GO TO 16

PCNI-VAR(**)
TFFIP-VAR(5)
IF (ISPOOLeEQel) TFFLP'VAR(3)

IF (ZIeLT.Oo) ZI=O. 05

IF IZF.LT.O.) ZF=O.05
IF (ZC*LT.O.) ZC=O.05

GO TO (2_6),IG0
00 18 I=ItNgAX

ANAT(I)=-ERRB|I)

DO 20 ['10NMAX
IZERO-O

DO 19 LOOP=I_NNAX
IF (ENAT(I,LOOP).EQ.O.) IZERO=IZERO*I

IF (IZERO-LT.NNAX) GO TO 20
WRITE (6.3Z) I

OglGINAL PAGE L_
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128
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130
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133
13.*
135

136
137

138
139
1.*0

161
1..2

1..3

1..5

1_6
1..7

1',8
149
150

151

152
153

156
15S

156
15"l
158

159
160

161
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lb3
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186
187

188
189

69



20

21

Z2
23

24

25

26

Zl

28

29

3O

31

C
C
32

33
34

LOOPER-ITRYS÷XO0

GO TO 26
CONTINUE

00 22 LOOPmX_NMAX
IZEROsO

DO 21 I=IpNMAX

IF IEMATIIeLOOP)eEQ*Oe) IZERO=IZERO_I
IF (IZEROaLT,NMAX) GO TO 22
WRITE (6_33) LOOP
LOOPER-ITRYS÷IO0
GO TO 2b

CONTINUE

CALL MATRIX IEMAT_VMAT_AMATtNMAX)
LBIG-O

VARBIG=O,
O0 24 L=I_NNAX
ABSVAR=ABS(VMATtL))

IF (ABSVAR.LE.VLIM_VAR(L)) GO TO 26
IF IABSVAR.LE-VARBIG| GO TO 24

LBIGuL
VARBIG=ABSVAR

CONTINUE
VRAT[O-I.O
IF (LBIGeGT.O) VRATIOuVLIM*VARILB[G)/VARBIG

ERRAVE=OoO
VMTAVE=OeO

DELAVE-O.O
DO 25 L=I_NHAX

DELVAR(L)=VRATIOtVNAT(L)
ERRAVE-ERRAVE+ABSIAMAT(L))/FLOATINMAX)
VAR(L)uVAR(L)+OELVAR(L)

VMTAVEuVMTAVE+ABS(VMATIL))/FLOATINMAX)
DELAVEuOELAVE+ABS(OELVAR(L))/FLOAT(NMAX)
IF (MISMAT.GTeO) GO TO 31

IF INONISS,EQeO) MISMAT=)
IF (MISMATeEQ. O) IGO'1

WRITE (8e3.*) LOOPER

DO 27 I=IjNMAX
WRITE (8_35) AMAT(I)t(EMAT(IIL)tL-I_9)tVMAT([)tDELVAR(I)_VAR(I)
_RITE 18t36) ERRAVEtVMTAVE_OELAVE
IF (LOOPER.LT. ITRYS) GO TO 15

CALL ERROR
RETURN

VMTAVX=VMTAVE

00 30 IzleNMAX
AMAT(|Iz-ERR([)
GO TO 23
_RITE (8t37) AMATtERRAVEtOELVARtOELAVE_VMATeVMTAVEtVAR
MISMAT'MISMAT÷I

IF (VMTAVE,LT. VCHNGE_VMTAVX) GQ TO 28

MRITE (8e38)
IF (MISMAToLT.NOMISX) NOMISS-I

MISMAT'O

LOOP-O
! GO= 2

GO TO 5

FORMAT (4HOROM_I2tlbH IS ZERO IN EMAT)
FORMAT (7HOCOLUMNtI2,16H IS ZERO IN EMAT)
FORMAT (SHB ERRBeZ8XZ3HERROR MATRIX AFTER LOOP_I4pZ9X4HVMATebXbH

IDELVAR_TXI4HVAR|ABLE$$$$$$)
35 FORMAT (1HOpFSo**,lOFg. 3_ZFZI;**_bHS$S$$S)

3b FORMAT (1HO_FS.`;B32X14HAVERAGE VALUES_31Xt2FI1.`;IbH$$$$$S)
37 FORMAT (12H0_-_ AMATtIOFll,bebHSS$$$SeleIZH ..... OELVARtIOF11.6

l_6H$$$$$$p/elZH .... VMAT, 10FllobtbHSSSSSS,/tIZH ..... VARe9FI
21.b_bH$$$$$$)

38 FORMAT (LHO,5OXZ2HCHANGE TOO SMALL$$$S$$)
END
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$IBFTC ERROR

SUBROUTINE ERROR

COMMON /HORDS/ ',lORD
COMMON /DES [GN/

tIDES tJOES vKOES eMODE tENET
2IDBURNp [AFTBNv |OCD _ |MCD t ]DSHOC

3LOOPERtNOMAP eNUMMAPtMAPEDGtTOLALL
COMMON /ALLI/

1PCNFGU t PCNCGUt T6GU t DUMD1 sOUND2
;'Z FOS tPCNFOStPRFDS t ETAFOSs i¢AFOS
3ZCOS _PCNCDSt PRC OS p ETACDSgWACDS

**TCDS lldFBDS t OTC OOS t ETABDS t k/A3CDS
5TFHPOS tCNHPDSt ETHPDS eTFHPCF _CNHPCF

6TFLPOStCNLPOSy ETLPOStTFLPCFtCNLPCF

Tr26DS pWFDDS pDTDUDSeETADDStWA23DS
8TTDS IHFADS v OTA FDS t ETAADS t MG6CDS
9A55 tA25 tA6 pAT _A8

$PS55 tANS5 t CVONOZ eCVMNOZ _ABSAV
COMNDN /ALL2/

1TI ,PI tHI ,$1 ,T2
2T21 tP21 tHE1 eS21 tT3

_TDUMP eEAMTP t[GASMXt
t ENSHOCtNOZFLT I[ TRYS t

tERR(9)

tDELFG ,OELFN tOELSFC,

tPRFCF tETAJ:CFtMAFCF t
wPRCCF jETACCF_WACCF e

DPCOOSt DTCOCF pETABCF
t ETHPCFt OHHPCF tT 2DS t

tETLPCFt DHLPCF t T210S
t DPOUOSe DTDUCF eETADC F e

t DPAFDS t DTAFCF t E TAACF e
tAq _A28 tA29

tAgSAV e A;'8S AVt A29SAV

sP2 ,H2 iS2 t

tP3 ,H3 tS3
3T**
**T55

5CNF
6CNC
TCNHP

8r.NLP

9AM
$TFFHP

pP4 tH** _$6 iT5 tP5 tH5 iS5 ,
wP55 eH55 eS55 eBLF eBLC eBLDU oBLOB t
_PRF IETAF jMAFC sMAF tMA3 t_G** tFAR** t

tPRC wETAC tMACC tMAC tETAB tDPCDM _DUMP t
sETATHP_OHTCHP_DHTC _BLHP tMG5 _FAR5 tCS
eETATLPtDHTCLPeDHTF tBLLP _G55 eFAR55 _HPEXT

_ALTP _ETAR _ZF _PCNF _ZC. _PCNC _MFB

tTFFLP _PCBLF tPCBLC ePCBLDU_PCBLOB_PCBLHPtPCBLLP
COMMON /ALL3/

1XP1 _X_AF _X_AC _XBLF tXBLDU
2XT21 ,XPZL _XH2.1 _XS21 tT23
3T2.* tP2** eH2** _$2.* _T25

**T28 tP28 _HZ8 ,$28 tT29
5MAD t_FD tMG24 eFAR26 tETAD

bTS28 _PS28 tV28 _AM2.8 tTS29
TXT55 tXP55 eXH55 _XS55 _XT25

_XHG55 _XFAR55_XMFD _XMG26

,$6 _T7
tS8 eT9

8XMFB

9Tb eP6 _H6
$T8 _P8 tH8

COMMON /ALL6/

1MGb eMFA tWG7 tFART _ETAA
2PSb _V6 _AM6 tTST _PS7
3TS8 _PS8 _V8 _AH8 _TS9

6VA tFRD _VJD tFGMD tVJM

5FGM _FGP tMFT tMGT eFART
6_A32 tOP_GDS_DP_ENGe_A32OStA38
7H38 ,P38 _TS38 ,PS3B _T39
8V39 _AM39 tA39 _BPR|NT_MG37

eXH3 t DUNS1 _DUMS2
mP23 tH23 tS23

tP25 tH25 mS25
_P29 _H29 _$29
eDPDUC _BYPASSeDUMS3

tPS29 _V29 tAM29
_XP25 IXH25 _XS2S e
tXFAR2**_XXPI eDUMB

tP7 tH7 tS7
tP9 tH9 _$9

_DPAFT tV55 _V25
vVT tAM7 tAM25

tPS9 tV9 _AM9
_FGNM tFGPO _FGPM
_FG _FN _SFC

eAM38 tV38 tT38
_H3q _ P39 tT 539
tCVDMNG t FGMN NG t F GPHN Ge

10
11
12

9FNMING_FNMAIN_FNOVFNtPS39 eFFOVFNeFCOVFNtFMNOFNtFNOVFD_

$VJ_ _T22 _P22 _H22 _$22 _TSO _PSO _HSO
COMMON /ALLS/

IS50 t_A22 tZ! _PCNI _CNI tPRl fETAl tMAC[
2TFF[R tCN!P eETATIPtDHTC[P_DHT[ tBLIP e PCBLIPtPCNIGUe

3ZIOS tPCNIDS_PR_OS _ETAEOSt_A[OS ePRICF eETAICFtMA[CF
**TFIPDS_CNIPDS_ETIPDS_TFIPCF_CNEPCFtETIPCF_DHEPCF_A[CDS_

5MAt _PCBLI _BL! tT2ZOS _MA21 _MG50 eFAR50 _A26 t
bAH23 _DUMSPLtFXFN2MtFXM2CP_AFTFANtpLINT t PCBLIO_PbDSAV_
7AM6OSV.ETAASVtFAR?SVtT**PBL .T61 _FAN _ISPOOL

COMMON/NHRERR/ICOAFBtlCODUC_ECCMIX
IF (|CQAFB .LT. 1) ICOAFB-O
IF (ICOM!X ,LTo 1) ICOM[X=O

IF (!CODUC .LT° 11 ICODUC'O
IF (ICOAFB .NE. O) NRITEi6tIO)ECOAFB

IF (ICODUC .NE° 0| WRITE(btI1)ICODUC

IF I|CON!X .ME. 0) MRITE(6tI2)ICOMEX
FORMAT(27H THE ERROR IN COAFBN IS AT .13)
FORMAT(ZTH THE ERROR EN COOUCT ES AT _131
FORMAT|2TH THE ERROR IN COMIX 1S AT _I3)

LOGICAL ERRER
COMMONIERERIERRER
DIMENSION TRASHI(80).TRASH2IBO)tTRASH3(BO)eTRASH41BO)=TRASH5(80)

EQUIVALENCE (TRASHI_PCNFGU)eiTRASH2tTI)_(TRASH3tXPI)_ITRASH**_MG6)
_QUIVALENCE (TRASHS_S50)

1

2
3

**
5

6
7

8
9

11
12

13

15
16

18

19
20
2L

22
23
2**

25
26

27
28

29
3O

3[
32
33

3_
35

36
3T

38

39
**0

**2

**3

65
*.6
6T
**8

69
5O

51
52
53

5_
55

56
5T

58

_9
60

61
62

63
64

65
66
67

b8
b9
7O
71

72
73

71



DATA AWORD/bHCOMMON/
ERRER-,TRUE,

WRITE (612) WORD
WORDuAWORD

WRITE (6t3) WORDeZFtPCNF_ZImPCNItZCtPCNCtT4_IODE
WRITE 16_)
WRITE (6j5) (TRASHI(I)mI=ImBO)

WRITE Ibpb)
WRITE (bt5) (TRASH2(I)mI_Ip80)

WRITE i6t6)

WRITE 1615) (TRASH3(I)eE-Ip80)
WRITE (6t6)

WRITE 16m5) (TRASH6(|ItI'Ie80)
WRITE (6t4|

MRITE (6mB) (TRASHB(I)eI'It55)
NRITE (6_4)

WRITE (6_7) LOOPER
IF ([DUMP,EQoO) 60 TO 1

WRITE (6t6)
CALL SYG (2)

CALL ENGBAL
RETURN

C
C

2 FORMAT
3 FORMAT
4 FORMAT

5 FORMAT

6 FORMAT
T FORMAT
8 FORMAT

END

128HOAN ERROR HAS BEEN FOUND IN tab)
11HOmAbmgXpTE15.6m16)
(2HO)

(1H tBE15°6)
(1H1)

(25HOFAILEO TO CONVERGE AFT ERm[6mbH LOOPS)
(IH+t30X_6E15°b/(IH _8E15o6))

76

75
76
77

78
79

80
31
82

83
86

85

87

88

89
90

91
92

q3
96

95
96
97

q8
99

100

101
102

103
104

105

72

SIBFTC ETAAB

SUBROUTINE ETAAB (FARpEM6_P6eETA_ETAADStETAASV_PODSmP6DSAVtAN6DStA
IN6DSVmIDESfFARTDSmFARTSV)

DIMENSION FART(25)_ETABRT(25)tEM6T(T)eDELM6(7|tP6TI16)_DELP6(16)
DIMENSION X(3)tY(3)

DATA FART/°O390t°O585t°O732t.eeTBttOgTbm°l171_°Z268_.1663_°1619_
l-1836_-L951m-2195,-Z639_.Z927_.36151°6166t.4636t°S366_.6361mo731Te
2°8293t.q268tl.000tl.0634tl.?/

OATA ETABRT/-9400t.gBBTtleO193mleO306mleO227_°9672p.?377eo9207e

1.9354P.gb2b_.9773tl°OL93sl.0532tl°OTTj1°OTB1el°O77ml°O767sl°Obb8_
21°0578tloO510_1.037_t[.Olq2tl.00t°q626to9151/

DATA EM6T/l°OOel. 071,l°190_l.309mlo428tl°547_l.66b/
DATA DELM6/O._°O13_°O41_eOT3_ellOm.147t.187/

DATA P6T#°220t°2267_.25Om°300eo3333ea3767e°4167toBOOt°5833eo6667_
1°75_°8333_°9167_1°0/

DATA DELPb/-eI42t-.125_-.IOe-.OTB,-°Db2m-°OBe-°061_-.027,-.019,
1-°013_-o008m-°004_-o0021,0./

|F ([DESeNE°I) GO TO 5
DO I K-L_25

1 ETABRT(K)'ETABRT(K)_ETAADSIETAASV

DO 2 K:1_25
2 FART(K)'FART(K}_FAR7OS/FAR7SV

DO 3 K=le7

3 EMbT(KI-EM6T(K)_AMbDS/AMbOSV
DO 6 M=1_16

4 PbT(M)=PbT(M)_PbDS/PbDSAV
ETAASV=ETAADS
P6OSAV-P60S

FAR7SV-FARTOS
AMbDSV-AMbDS

RETURN
5 CONTINUE

N-O

IF (FAR°GT°O.067) GO TO 8
DO 6 J=1_25

6 IF (FAR.GEoFARTIJ)) N=J-1

1

2
3

4
5

6
7

8
9

10
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14
15

16
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IF INoEQ.O) N'L
IF (NoGE.26) N-23

DO T I'LL3
NNzN-I÷I

X(I)=FART(NN)
7 YII)=ETABRTINN)

CALL PARABO (XtYtFARIETA[)
GO TO 9

8 ETA[=-2-_FAR+-1968

9 M=O

DO 10 J=1,7

10 IF (EM6oGEoEM6TiJ)) M=J-L
IF (M,EQ.O) M-I

IF (M,GE,6) M-5

DO II I"1,3
MM=M-l+l

X(1)'EM6T(MM)

11 Y(Ii=DELM6IMM)

CALL PARABO (X_YmEM6_CORI)

L=O
DO 12 J=LtL6

1Z IF (Pb,GEoPbT(J)) L=J-E
IF (L,EQ.O) L'I

IF iL.GE-13) L=12

DO 13 I=ls3
LL=L-I+I

Xll)-PbT(LL)
13 Y(I)=OELP6(LL)

CALL PARABO (XmYtPbtCOR2)
ETA=ETAI*(I--COR1)_II-+COR2)
RETURN

END

3b

37

38
39
40

62

43
6_
45

47

48
_9

5O
51
52

53
54

55
56

57
58

59

60
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62
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64
65

66
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$IBFTC FASTBK

SUBROUTINE FASTBK
COMMON /WORDS/ WORD

COMMON /DESIGN/

IIOES tJDES _KDES tMOOE _[NIT tIDUMP _IAMTP tIGASMXt
21DBURNelAFTBNeIDCD el/_D eIDSHOCeIMSHOCeNOZFLTelTRYS r

3LOOPERtNOMAP eNIJMKAPIMAPEDGeTOLALL_ERR(g)
COMMON /ALL1/

1PCNFGUePCNCGU_T4_U _DUMOI tDUMDZ eOELFG _DELFN mDELSFCt
2ZFDS tPCNFDSmPRFOS _ETAFDSeWAFDS ,PRFCF IETAFCFsWAFCF p

3ZCDS tPCNCDStPRCOS eETACDStWACD$ t PP,CCF pET J_;CFtWACCF
6T6DS tWFBDS tDTCODSIETABDStWA3CDStDPCODSmDTCOCFtETABCFt

5TFHPDSpCNHPDSmETHPDStTFHPCFpCNHPCF_ETHPCFpDtlHPC, IFtT2DS t
bTFLPDSeCNLPOS_ETLPOStTFLPCFpCNLPCFtETLPCF_DHLPCFtT21DS I

7T26DS pWFODS pOTDUDS_ETADDS_WA23DS_DPDUDS_DTDUCF_ETADCF_

8TTDS _WFADS tDTAFDS_ETAADStWG6CDStOPAFDS_DTAFCFmETAACF_
9A55 _A25 tab eAT _A8 •A9 eA28 •A29 •
$PS55 tAM55 •CVDNOZICVMNOZmABSAV tAgSAV eA2BSAV•A29SAV
COMMON /ALL2/

ITI ePl _H1 •SI tT2 _P2 tH2 eS2 •
2TZI _P21 _H21 tSZ1 mT3 •P3 _H3 eS3 •

3T6 •P6 mH4 _$6 •T5 •P5 mH5 mS5 m

_T55 ,P55 mH55 _$55 _BLF mBLC _BLOU •BLOB •
5CNF _PRF eETAF •WAFC eWAF _Wk3 _WG6 •FAR6 m

6CNC mPRC eETAC tWACC •WAC mETAB tDPCOM mDUMP m

TCNHP ,ETATHP•DHTCHP_DHTC •BLHP _1,_5 •FAR5 _CS

8CNLP mETATLP_DHTCLP_DHTF _BLLP _WG55 _FAR55 mHPEXT m

9AM _ALTP eETAR eZF ePCNF eZC _PCNC _WFB e

$TFFHP _TFFLP •PCBLF •PCBLC •PCBLDUtPCBLOBePCBLHPePCBLLP
COMMON /ALL3/

IXPl eXWAF •XWAC tXBLF tXBLDU tXH3 LOONS1 •DUNS2 •
2XT21 tXP21 _XH21 tXS21 •T23 _P23 tH23 eS23 m

3T26 mP26 mH26 tS24 eT25 •P25 _H25 mS25 •

6T28 tP28 _H28 •S28 eT29 _P29 mH29 _$29 e
5WAD _WFD •WG26 _FAR26 eETAC •DPDUC ,BYPASS_DUMS3
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6TS28 tPS28 tV28 tAM28
7xT55 tXP55 tXHSS _XS55
8XNF8 _XWGS5 pXFARSSt XWFD

9T6 jP6 _H6 _$6
$T8 _P8 _H8 tS8

COMMON /ALL4/

IWG6 _WFA I,WG7 tFAR7 _ETAA

ZPS6 tV6 eAM6 s,TS7 pPS7
3TS8 IPS8 tV8 s,AM8 •TS9

4VA tFRO _VJD _FGMO _VdM

5FGM IFGP _WFT eWGT _FART
6WA3Z _DPWGOS_ DPW ING tWA32DS _A3 8

7H38 eP38 tTS38 pPS38 •T39
8V39 _AM39 eA39 _BPRINT_WG37

_TS29 tPS29 _VZ9 ,A_29 ,

wXT25 iXPZ5 _XH25 _XS25 t
pXWG24 eXFARZ4_XXP| tDUMB i

_T7 pP7 _H7 tS7 t
pT9 tP9 _H9 _$9

tDPAFT iV55 eV25 •

eV7 eAM7 pAM25

pPS9 eV9 tAM9 t

_FGMM _FGRO _FGPM •

eFG eFN _SFC

_AM38 tV3B eT38

eH39 tP39 tTS39 e
_CVOWNGjFGMWNG_FGPWNGp

OF NWING_FNMAIN_FWOVFN•PS39 pFFOVFNfFCOVFN_FMNOFN•FNOVFDp

SVJW _T22 _P22 _H22 _$22 _TS0 _P_0 ,HS0
COMMON /ALLS/

LS50 _WAZZ _ZI ePCN[ _CNI _PR[ _ETAI _WAC(

2TFFIP _CNIP _ETATIP_DHTCIPeDHTI _BLIP _PCBLIP_PCNIGU_

3ZIDS _PCNIDS_PRIDS _ETAIDS_WAIDS _PRICF _ETAICF_WAICF

4TFIPDS_CNIPDS_TIPDS_TFIPCF_CNIPCF_ETIPCF_DHIPCF_WAICDS,

5WAI ,PCBLI _BLI ,T22DS _WA21 _WG50 _FAR50 _A24

6AM23 _DUMSPL_FXFN2M_FXM2CP_AFTFAN_PUNT _PCBLID_P6DSAV_

7AM6OSV_ETAASVtFARTSV_T/*PBL _T/*I _FAN _ISPOOL

LOGICAL FAN

XTSS=TS5
XP55=P55
XH55=H_5

XSSS=S55
IF(FAN) GO TO 1

T25=T21
P25=P21

HZS=H2!
$25=$2_
WG26=wAF-BLF

XT2fi=T25
XP25=P25
XH2fi=H25
XS25=$25

XWFB=WFB

XWG55=WGS5

XFAR55=FAR55
XWFD=WFD

XWGZ/*=WG24

XFAR2/*=FAR2/*

XXPI=PI

CALL COMIX

RETURN

END

35
36
37

_B
39

/*O

/*2
43

/*5
/*6
/*7

48
49

50
51
5Z

53

54
55
56

57
58
59
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64
65

66
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68
69
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72
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7_
75
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77
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SIBFTC FRTOSD

SUBROUTINE FRTOSD

COMMON /WORDS/ WORD

COMMON /DESIGN/

IIOES •JDES _KOES _MODE t/NIT

2IOBURN_IAFTBN_IOCD _|MCO ,IOSHOC

3LOOPERtNOMAP _NUMVAP_MAPEDG_TOLALL

COMMON IALLI/

[PCNFGU_RCNCGU_T4GU _DU_D_ _DUVD2 _DELFG _DELFN _DELSFC_

2ZFDS _PCNFDS_PRFOS _ETAFDS_WAFDS _PRFCF _ETAFCF_WAFCF

3ZCDS ,PCNCOS_PRCDS _ETACOS,WACDS _PRCCF tETACCF_WACCF e
/*T4DS jWFBDS _OTCODS_ETABDS_WA3CDS_CPCODSjDTCOCF_ETABCF_

5TFHPDS_CNHPDS_THPDS_TFHPCF_CNHPCF
6TFLPDS_CNLPOS_ETLPDS_TFLPCF_CNLRCF
7T2/*DS _WFDDS tDTDUDS_ETAOOS_WA23DS

BT70S _WFADS _OTAFDS_ETAADS_wG6COS

9A55 _A25 tA6 _A7 jAB

$PS55 _AM55 _CVONOZeCV_NOZ_ABSAV
COMMON /ALLZf

_IOUMP tlAMTP _IGASMX_

_IMSHOC _NOLF LT _I TRYS

_ERR(9)

tETHPCF_DHHPCF_T2DS ,
_ETLPCF_DHLPCF_T2[DS

_DPDUDS_DTDUCF_ETADCF_

tDPAFDS_DTAFCFtETAACF_

_A9 _A2B _A29

_AgSAV _A28SAVtA29SAV

1
2

3
/*

5
6
7

8
9

19
L[
12
L3

1/*
$5

16
L7

_8

_4



0

Q

iI

i

r"a

f

' " sel

4 *5 b _P55 ,_55 ,$55 ,BLF

5cNF _PRF ,ETAF _WAFC twAF

6CNC ,PRC ,ETAC tWACC ,MAC
7CNHP _ ETATHPe DMTCHP, DHTC IBLHP

8CNLP _ ETATLP r DHTCLP _DHTF tBLLP
9AM pALTP _ETAR _ZF

STFFHP _TFFLP ,PCBLF ,PCBLC

COMMON IALL3/

IXPl pXWAF tXWAC _XBLF pXBLDU

2XT21 pXP21 _XH21 tXS21 _T23

3TZ_ _PZ4 _H26 ,$24_ tT2§
_T28 eP28 _H28 oS28 ,T2q
5WAD _WFD ,WG26 _FAR24 ,ETAC

6TS28 pPS28 tV2B _AM28 _TS29

7XT55 wXP55 tXH55 pXS55 ,XT25
8XWF8 _ XWG55 t XFAR55 mXWFD t XWG2_

9Tb tPb ,Hb _$6 _T7
$T8 eP8 eH8 _SB eT9

COMMON
1WG6

2PS6
3TS8

4VA

5FGM

bWA32
7H3B
BV39

/ALL6/

tWFA ,WG7 _FAR7 _ETAA

,V6 ,AMb _TS7 ,PS7

tPS8 tVB _AM8 ,TS9

_FRO _VJD _FGMD _VJM
_FGP _WFT _WGT ,FART

_ DPWGDS,DPW ING _WA32DSeA3 B

_P38 _,TS3B tPS38 =,T3Q
tAM39 _A39 _BPR [NT_ WG37

91=NW I NGeFNM,6 IN_ FWOVFN, P $39 , FFOVFN
$VJW _T22 _ P22 _H22 , $22

COMMON /ALLSI

IS50 ,WA22 ,ZI ,PCNI ,CNI

2TFF I' ,CNIP , ETATIP,DHTC IP,DH!I

3ZIDS ,PCNIDS,PRI CS ,ETAIDS,wA IDS

6TFIPDS_CNIPDS_ETI PDS,TFIPCF,CNIPCF

5WA! ,PCBLI ,BLI tT220S ,WA21

,P2 ,H2 _$2 ,

,P3 ,H3 eS3

,P5 _H5 eS5 ,

,BLC ,BLDU _BLOB ,

_WA3 _W'G_ ,FAR_

,ETAB tDPCOM _DUMP

,wG5 ",FAR5 ,CS

eWG55 IFAR_ _HPEXT

,PCNF ,ZC ,PCNC ,wFB

,PC BLDU_PCBLOB,PCBLHP, PCBLLP

,XH3 ,_UVS1 ,DUMS2 ,

_P23 ,H23 _$23

,P25 _H25 _S25 e
_P29 _MZ9 _$29 e
,DPDUC eBYPASS_DUMS3

_PS29 tV29 tAM29

,XP25 eXH25 _XS25
,XFAR24,XXPI _DUMB

_P7 _H7 _$7
eP9 #H9 _$9

,DPAFT _VS.S _V25

,V7 ,AM7 _AM25

ePS9 _V9 tAM9
tFGMM _FGPO _FGPM

,FG _FN _SFC

,AM38 _V3B _T3B
,H39 _P3Q :,TS39
_CVDWNS_ FGMWNG, F GPWNG_

I,FCOVF _, FMNOFNe FNOVFOp
_TSO tPSO ,HSO

,PRI ,ETAI ,WACI

,BLIP ,PCBLIP_RCNIGU_

,PRICF ,ETAICF,WAICF

_T I PCF, DHIPCF _WAICDS_

,WGSO , FARSO ,A26 ,

6AM23

?AM6DSV,ETAASV_FAR7SV_T6PBL ,T4I

LOGICAL FAN

XPluPl
XWAFmwAF
XWAC=WAC

XBLF=BLF
XBLDU=BLDU

XH3=H3

XTZI=T21
XPZI=P21

XH21=H21
XS21-$21

IF|FAN) tALL CODUCT
IFIFAN) RETURN

CALL FASTBK
RETURN
END

tDUMSPL,FXFN2M_FXM2CP,AFTFAN,PUNT ,PCBLID_P6OSAVt

eFAN ,ISPOOL

20

2t
22

23

24
Z5

26
27

28

29
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32
33

34
35

36
37

38
39

_0
61

62

<#,
_t5

• _6
6T

69
50

51
52

53

56
55

56
57

58

59

60
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b2
63
66

65

66
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68
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70

71
72
73

76

f,'7z
"�'re: '';

$1BFTC GEN2

COMMON /WORDS/ WORD

COMMON /DESIGN/

IIDES ,JDES ,KDES ,MODE m/NIT _IDUMP _IAMTP tlGASMXm

2IDBURNelAFTBN_IDCD elMCD _IOSHOC_IMSHDC,NOZFLT_ITRYS

3LOOPER_NDMAP tNUMVAPtMAPEDG_TOLALLtERR{9)

COMMON /ALLI/

IPCNFGU,PCNCGU_T6GU ,DUMOI _DUMDZ _DELFG _DELFN _DELSFCt

2ZFDS ,PCNFDS_PRFDS _ETAFDS_WAFOS tPRFCF _ETAFCF_WAFCF t
3ZCDS _PCNCDSePRCDS _ETACDS_WACDS ePRCCF eETACCFeWACCF t

6T6DS _WFBDS _DTCODStETABDS_WA3CDSeDPCODS_DTCOCF_ETABCF_

1

2

3
6
5

6
7

8
9

10

5TFHPDS,CNHPDS, ETHPDS,TFHPCF,CNHPCF,ETHPCF,DHHPCF_T2DS _ ........... 11 ......



?6

6TFLPDSeCNLPDStETLPDSpTFLPCF,CNLPCFsETLPCF_DHLPCJ:tT21DS p

TT240S _MFOOS IDTOUOStETADOStMAZ3OS_OPOUOS_OTOUCFtETAOCFt
8T¥DS sWFADS _DTAFDSsETAADSeWG6CDS,OPAFDStDTAFCFpETAACFf

9A55 9A25 _A6 vA7 tA8 _A9 _A28 jA29 t
$PS55 _AM55 tCVONOZICVMNOZeA8SAV tAOSAV _A28SAVwA29SAV

COMNON /ALLZ/

|T! wPl _HX pSX _T2 _P2 _H2 eS2 t
2T21 tP21 tH2| _521 tT3 _P3 tH3 _$3

3T4 tP4 1H4 pS4 tT5 IP5 pH5 _55 •
4T55 _P55 pH55 _$55 sBLF _BLC _BLDU _BLDB e
5CNF ePRF tETAF _WAFC tWAF •HA3 yMG4 _FAR6

bCNC tPRC tETAC tWACC _WAC _ETAB _DPCOM •DUMP
7CNHP sETATHPtDHTCHPtOHTC t6LHP tMG5 •FAR5 tCS t

8CNLP _ETATLPtDHTCLPtOHTF _BLLP _MG55 eFAR55 eHPEXT
9AM tALTP tETAR _ZF _PCNF _ZC _PCNC jWFB t

$TFFHfl _TFFLP _PCBLF _PCBLC _PC6LOU.PCBLOB_PCBLflP.PCBLLP
COMMON /ALL3/

IXP1 _XWAF _XWAC _XBLF _XBLOU _XH3 _DU_S1 ,DUHSZ •
2XT21 _XP21 _XH21 tXS21 tT23 _P23 tH23 ,S23 ,
3TZ6 .P26 _HZ6 _$26 iT25 sP2_ _HZ5 _$25

4T28 _P28 eH28 eS28 _T29 _P29 •H29 _529 .
5WAD •WFO eHG26 •FAR2@ mETAC eDPDUC _BYPASSeDUHS3 .

6TS28 _PSZB tV28 _AM28 •TS29 •PS29 eV29 eAMZ9
7XT55 ,XP55 _XH55 _XS55 eXT25 _XP25 _X1"125 ,XS25 t

8XWFB _XWG55 _XFAR55eXWFD _XMG24 _XFARZ4_XXP1 •DUMB
,Sb _T7 _P7 .H7 _57

_56 _T9 _P9 ,H9 _$9
9T6 •P6 _H6
$TB _P8 _HB

COMMON IALL4/

ZWG6 _WFA .MG7
2PSb •V6 eAM6

3TS8 _PS8 tV8
6VA .FRD . VJD

5FGM _FGP _MFT

,FAR7 _ETAA _DPAFT ,V55 _V25 ,
,TS7 _PS? eV7 _AM7 ,AM25
_AM8 .TS9 tPS9 .V9 .AH9 .
_FGMD _VJ_ _FGMM _FGPD •FGPM

_WGT •FART tFG •FN tSFC

bWA32 •OPMGOStOPWING.WA32OS_A38 _AM38 _V38 _T38

7H38 _P38 _T538 _P538 _T3_ _H39 •P39 _T539 •
8V39 •AM39 _A39 _BPRINT_MG37 _CVOWNGtFGMWNG•FGPWNG
C_FNWlNG•FNMAIN_FWOVFN_PS39 .FFOVFN_FCOVFN.FMNOFN_FNOVFO_

$VJW _TZZ ,P2Z .HZZ tSZ2 _T50 _P50 _HSO

COMMON /ALLS/
1S50 _WAZ2 _ZI _PCNI eCNI •PRI eETAI _WACI
2TFFIP •CNIP eETATIP_DHTCIPeOHTI •BLIP _PCBLIP_PCNIGU_
3Z|DS ePCNIOSePRIDS _ETA[OS_MAIDS ePRICF eETA|CFtMA|CF

CTFIPDSeCN|PDS•ET|PDSeTF|PCF_CNIPCFeETIPCFtDH[PCFtMAICDSe

5WAI _PCBLi eBLI tT22DS eWA21 _WGSO eFARSO eA26 e
bAM23 tDUMSPL.FXFNZM,FXMZCPeAFTFANtPUNT _PCBLID_PbDSAVt

7ANbDSV_ETAASV_FARTSV_T6PBL _T41 _FAN •IS POOL
COMMON /VOLS/ VFANeVINTCeVCONP_VCONBeVHPTRB•VIPTRBeVLPTRB_VAFTBN_

1 VFOUCT•VWDUC_

COMMON /OYN_ [TRAN_TIME_OTtTF_JTRANtNSTEP_TPRINT•DTPRNT
COMMON/LOOPPR/KKGOePRFNEH_PRCNEM

DATA|I|/O/
DIMENSION Xll)

EQUIVALENCE IX•IDES)
LOGICAL ERRERtCLEAR
DATA CLEAR/eTRUE_/

COMMONIERER/ERRER
LOGICAL RSTART

RSTART=.TRUE.
ERRER=eFALSE,
ITRAN-O

JTRAN=O
NSTEP = 0

TIME = O_O
TPRINT = 0,0

DTPRNT _ 0,0
IF I.NOTeCLEAR) CALL ENGBAL

CLEAR=.FALSEo

DO I J=1,615
X(J)'O-
SET ARBITRARY VALUES FOR INTERMEDIATE SPOOL DESIGN PARAMETERS TO

AVOID ERROR WHEN RUNNING A DUMNYSPOOL ENGINE
PRIDS'1-5

ETAIOS=I,O
PCNIOS=LO0.
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13

14
15
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17
18
19
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21
22
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26
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29
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35
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37
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3O
4O
61
62

63

45

46
47

/*8
49

5O
51
52

53
5_

55
56
57

58

59
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61
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64
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66
67
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7O

71

72
73

74
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76
7"/

78
79
80
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82
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85



ZIDS-.75

PCNCDS=LO0.

IF III].EQ,O) KKGO=O

IF|RSTART) CALL CONOUT([)
P6DSAV=[.

AN6DSV=Z.

ETAASV-I.
FARTSV=[.
CALL ENGBAL
STOP

END

86
87

88
89
90

91

92.
93
96

95
96

$|BFTC GUESS

FUNCTION GUESS(MwTeTD. PePDfHIWDtDeDDtVD)
IF (M.EQ.O)

IF (N.EQ.I)
IF (NoEQ.2)
IF (N.EQe3)

IF (M.EQ.4)
IF IM.EQ.5)

IF IM.EQ.6)
IF |M.EQ.7)

IF IN.EQ.8)
IF (M.EQ,9)
RETURN

END

GUESS=VO_((TITD)_I, 60)*(|DOID)t*O,SO)
GUESS=VD_IIPIPD)**l.80)*((DO/O)*_O.33|

GUESS=VD_((MIMDI_O,33)_(|DD/D)_SIoO0)
GUESS=VO_((M/MD)S_O.OO)_IIP/PO)t_O.50)

GUESS=VD_((W/MD)**O, OO)*((P/PO)*_O.§O)
GUESS=VD_IIT/TD)_Iol)_(IDD/D)_o7)

GUESS=VO*((PIPD)*_I,00)*(iDIDD)**0.25)
GUESS-VDt|(P/PD)_O,b2)t(|D/OO)t_0.31)

GUESS=VD_(|T/TD)_I.2)_OD/O
GUESS=VD_P/PD_((D/DOI_IoS)

1

2
3

5
6

7
8
9

10
IL
12
13

$IBFTC INDUMY

SUBROUTINE I NDUMY ICNIeZIsWACItIDESI
CONNON/DUNINT/CNXX(15) jPRXX(15_lS)_MACXX(15_ISIeETAXXIIS_LSIe

LNCNXpNPTX(LSI

D|NENSION MACAR(15) tXCNXX(15)
DATA XCNXX/°OOl.°l_.2te3_.§t-8_l°tl, Se2oO_3°Ol_oO_5°O_6-_7o.9./
DATA _ACAR/S._6eS_4o_3.5_3,.ZeS_Z,_1°S.Ie_,8.,6_°4t°ZS_,lt.05/

IF (IDES.NE.I) GO TO 1
MAIDS=MAC!
CNIDS=CN[

ZI=2°/3°5
| NCNX=15

O0 2 [=l_L5
NPTX(|)=15
CNXXi|)-XCNXX(X)_CNIDS

DO 2 J=1,15
PRXX([eJ)=FLOAT|J)3)/6e

ETAXX(ItJ)'I.
2 _ACXXiJ_I)=_ACAR(|)_(.99_*OOl_FLOATIJ))_A!DS

RETURN

ENO

1
2

3

5

6
7

8
9

10

11

12
13

15

16
IT

18
19
20

$!BFTC MATRIX

SUBROUT|NE MATRIX (E_V.AeN)
DIMENSION EKgt9ItVK91_A(91_PIV(IO)tT(9eIO)
NN-N+I
N_N-1

00 I !-1iN
T(!,NN)=A([)

DO I J-leN
1 TII.J)-E(ItJ)

O0 7 !=I,N
TEHP-Oo

1
2

3

5
6
T

8

9
10

77



00 2 J=IsN
IF (TEMPeGTeABS(TIJvl))) GO TO Z

TEMP'ASS(T(Je[))
IPIV=J

2 CONTINUE
IPI=I+I

00 3 J:IPIsNN

3 PIV(J)-T(IPIV, J)/TIIP|V_I)
[FROM-N

ITO=N

4 IF (IFROM,EQ. IPIV) GO TO 6

RM=-T(IFROMtl)
O0 5 J=IPleNN

5 T(ITOtJ)-T(IFROM_J)eRM_PIV(J)
ITI3"ITO"I

b IFRON-IFROH-I
IF IIFRON.GE.I) GO TO 6

DO 7 J=IPI_NN

7 T(I_J)-PIVIJ)
90 8 I-leNM
J-NN-I

K-N-I

DO 8 L_JeN
8 T|KDNN)=T(KtNN)-T|KeL)*TILwNN)

DO 9 I=ltN
9 Vll)=T|ItNN)

RETURN

END
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20
21

22
23

24
25
26

27
28

2q
30

3I
32

33
34

35
36

37
38

$IBFTC OUTPUT
SUBROUTINE OUTPUT

COMMON /MORDSI WORD

COMMON /DESIGN/
l/DES _JDES tKDES tMOOE tINIT _IOUMP tIAMTP e|GASMXe

2IOBURNjIAFTBNeIDCD _IHCD t IDSHOCtIMSHOCsNOZFLTtITRYS
3LOOPERtNOMAP eNUMMAPeMAPEDGtTOLALLtERRIO)

COMMON /ALL1/

LPCNFGU_PCNCGU_T6GU IOUMOI eOUN02 eDELFG IOELFN IOELSFCt
2ZFDS
3ZCOS

4T4DS
5TFHPOS

6TFLPDS
7T240S

8T70S

9A55
$PS55
COMMON /ALL2/

ITI tPl _HI pS1
2T21 tP21 eH21 pS21

3T4 tP4 _H6 eS6
6T55 IP55 ,H55 tS55
5CNF ePRF tETAF _WAFC

OCNC ePRC _ETAC eWACC
7CNHP BETATHPeDHTCHPIDHTC

8CNLP tETATLPpDHTCLPeOHTF
9AM eALTP pETAR

$TFFHP tTFFLP pPCBLF
COMMON /ALL3/

tPCNFOSePRFOS tETAFDSeMAFOS v PRFCF tETAFCFtMAFCF l
_PCNCOStPRCOS tETACOSIMACOS I PRCCF tETACCFtMACCF t

pWFBDS jDTCODSwETABOSoMA3CDStDPCODS_OTCOCFtETABCFj
ICNHPOSIETHPOStTFHPCFtCNHPCFtETHPCFtOHHPCFtT20S t

_CNLPDSeETLPOSeTFLPCF_CNLPCF_ETLPCFtDHLPCFeTZIDS
eMFDOS eOTOUOS_ETADDSeMA23OSvOPOUDStOTOUCFtETAOCFt

t_FADS _DTAFDSeETAAOS_WG6COS_DPAFDStDTAFCF_ETAACFt

_A25 _A6 vAT _A8 vA9 eAZ8 tAZ9
_AM55 _CVDNOZeCVMNOZeABSAV _A9SAV _A28SAVtA29SAV

LXPI _XMAF eXMAC
2XT21 vXP21 _XH21
3T26 _P26 ell26

6T28 _PZ8 _HZB
5WAD _WFD mWG26

6TS28 _,PS28 _VZ8
7XT55 _XP55 eXH55
8X k¢FB t XiCG55 _XFAR55

9T6 _P6 _H6
ST8 _P8 _ IH8

_T2 eP2 ,H2 ,$2 ,
_T3 tP3 eH3 eS3
,T5 eP5 ,H5 _$5

eBLF _BLC tBLDU _BLOB ,
eMAF eMA3 eMG6 eFAR4 e

eMAC eETA8 _OPCOM _DUMP
_BLHP _MG5 _FAR5 eCS e

eBLLP t_GS5 _FAR55 tHPEXT
eZF ePCNF eZC ,l_i_ eMFB

_PCBLC tPCBLDU_PCBLOB_PCBLHPePCBLLP

eXBLF eXBLDU _XH3 e OUMSI eOUMS2
eXS21 _T23 _P23 eH23 ,$23 ,
_$26 _T25 ,P25 eH25 ,$25

_SZ8 _T2_ eP29 _H29 e529 e
eFAR24 _ETAC _DPDUC _BYPASS_DUMS3 e

tAN28 _TS2? _PS29 ,vzq tAMZ9
_XS55 tXT25 _XP25 _XH25 _XS25 t
_X_FO tXMG24 tXFARZ6_XXPL tOUNB

_$6 _T7 _P7 eH7 _ST
iS8 tT9 _P9 _H9 _$9
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29

1

2
3

26

25

27

COHMON IALL41

[WG6 tWFA tWG7 _FAR7 tETAA eDPAFT IV$5 eV25 t
2PS6 _V6 pAW6 tTS7 tPS7 _V7 tAM7 tAMZS t
3TS8 ePS8 tVB eAMB tTS9 ePS9 eV9 ,AM9 e

6VA ,FRO sVJO pFGMD ,VJM tFGMN ,FGPO ,FGPM ,
5FGM IFGP tWFT ,MGT ,FART tFG ,FN tSFC ,
6NA32 t DPWGOS, DPW ING,MA32DS mA38 tAM38 ,V38 eT38 ,

71438 ,P38 ,TS3B ePS38 IT39 tH39 IP39 iTS39 ,

8V39 ,AM39 ,A39 tBPRINTtWG37 eCVDWNG_FGMWNG,FGPWNGs
9FNWINGeFNMAIN_FWOVFNePS39 eFFOVFNeFCOvFNpFNNOFNeFNOVFD,

$VJ_ _T22 tP22 tH22 _$22 ,TSO ,)SO tH50
COMMON IALLS/

tS50 IWA22 ,Z[ _PCN[ ,CN! ,PRI ,ETA[ ,MAC!

ZTFFIP wCNIP ,ETATIPpOHTC|PtDHT[ ,BLIP t PCBLEPtPCNIGU,
3ZIDS ePCNIDStPRIOS eETA IDSeMAIDS ePRICF eETA/CFtWAICF t
6TFIPDStCNIPDSwETIPDSITFIPCF_CNIPCFpETIPCFpDH|PCFwMAICOSp

5WA[ ,PCBLI ,BLI _T22DS ,WA2I tMG50 eFARSO ,A26 ,
6AN23 tDUNSPL,FXFN2MtFXM2CP,AFTFAN_PUNT tPCBLIO_PbDSAV_
TAM6DSV,ETAASVtFARTSV.TBPBL ,TBI .FAN ,[SPOOL

COHHON /DYN/ [TRANtTIHEtDT,TF,JTRANpNSTEP,TPRINT,OTPRNT
DIMENSION W(5,6),ANSI(80),ANS2(80),ANS3|80)tANSB(80)tANSS(80)

EQUIVALENCE (ANSIpPCNFGU)tlANS2_T1)t|ANS3eXP1)t|ANSBeWG6)
EQUIVALENCE (ANSStS50)

LOGICAL FXFN2MIFXM2CPtAFTFAN,OUNSPL_FAN
DATA AMORD1,AWDRO2/bHOUTPUT_6HCDMMON/

DATA (W(I,I),I=L, BI/bHSUBSONe6HIC C-Dp6H NOZZL,6HE /
DATA (W|2tI),I'I_6)/bHSHOCK ,6HINSIDE_6H C-O N,bHDZZLE /
DATA (WI3eI)_I'leB)/bHSHOCK _6HOUTSIO_6HE C-D _6HNOZZLE/

DATA (M(4.,I),I=leB)/bHSUBSONtbHIC CON,bHVERG. 16HNOZZLE/
DATA (W(StI),I=I,6)/6HSONIC ,61_dNVER,bHGENT N,BHOZZLE I
TPRINT-TPRINT÷DTPRNT

IF(ITRAN. EQ.I) M_ITE(6,zg) TIME

FORMAT(1HB,2OXTH TIME=_F7oB)
WORD=AWORD1

IF (IDBURN.GT.O) GO TO 2

IF (IAFTBN.GT,O) GO TO I

WRITE I6,T) WORDeAM,ALTP,TB,ETAR
GO TO 3
WRITE Ibe8) WORDeAM_ALTPeTBeT7eETAR
GO TO 3

WRITE (beg) WORO, AH,ALTP_TB,T26_ETAR

IF (FXFN2M) WRITE (6t[7)
IF (FXM2CP! WRITE (6eI81
IF(FAN) GO TO 25

WRITE(6e26) ISPOI_t
FORHAT(1HO_IB, i_H SPOOL TURBOJET)

GO TO 2T
|F(°NOT.FxFN2M.AND.(eNOT°FXM2CP)oANO°|.NOT°OUMSPL)) WRITE(6eIg)
IF (DUMSPL) WRITE |6t23)

IF (PCBLIDoEQ°O°) WRITE (6,20)
IF (PCBLID°EQ.O..AND.AFTFAN) WRITE (6,21)
IF (PCBL[D.NE°O°°AND°AFTFAN) WRITE (6_22)

CALL CONOUT(2)
WRITE (6,10) (M(INSHOC,I),I=I_4.),FG_FN,SFC

[F(IGASMX°GT.O.OR.eNOT_FAN) GO TO 4.

WRITE 16e11)
WRITE |6el2)
IF (IDES.NE.

MORD=AMOR02

WRITE (6,13)
WRITE |6,16)
WRITE (6e15)

WRITE (be16)
WRITE (6,15)
WRITE 16,14.)

WRITE I6tLS;
WRITE |6e16)
WRITE I6_15)

WRITE (6_14.)
_RITE (beIS)

WRITE (6,16)
WRITE (6_16)

IF (IDES°EQ-1) GO TO b
CONTINUE

IW(IDSHOCel)eI=le6)
LOOPER

I) GO TO 5

_ORD,ZF_PCNFeZIePCNIpZC,PCNCtTBtMOOE

IANSIII)_I=Ie80)

(ANS2(I)_I'1,80)

(ANS3(I;,I=I,BO)

(ANS4.|I)_I_Ie80)

(ANSS(I)tI-I,S5)

61
4.2
63

44.
65
46
67

_8
69
.50

51
52

53
54.
55

56
57
58

59

60
61

62
63
66

65
66
67

68
6q

70
7I

72
73

"/4.
75

76
77

78
79
80

81
82

83
8_
85

86
87
88

Bq
90

ql
92
q3

96
95

96
97
q8

9q

lO0
lOl

102
103
106

105
106
107

108
IOq

110
111

112
113

'79



10

11

12

13

1'*

15

16

17

AB=ABSAV
A9=AOSAV

A28=AZ8SAV
A29_A2qSAV

IF (InUNPoNE.2) GO TO 6

WRITE Ib_16)
CALL SYG [2)

CALL ENGBAL
RETURN

FORMAT

II25X7H
FORMAT

leBXTH
FORMAT

1,5XTH
FORMAT
FORMAT

FORMAT
FORMAT
FORMAT

FORMAT

FORMAT

(1HBsAbtlBX7H AM=,FT.3,6XTH ALTP=,F7.0pbX7H TB=,F8.2
ETAR=tFT. 6)

(lflB_A6_|BXTH AM=tFTe3p6XTH ALTP=tFT. OwbXTH TB=_FB.2
T7-_FB.2tBXTH ETAR-tF7.6)

(IHBtA6t16XTH AM=_FTe3t6XTH ALTP=tFToOtbXTH TB=tFB-2
T26=,FB.2_5XTH ETARueF7.6)

[bHOMAIN t4Ab,OX3HFG'eFO. 2elBX3HFN=eFO*2tIBXBHSFC=_FBoB)

(6H DUCT tBA6)
(lbHOCONVERGEO AFTER_I4tBH LOOPS_ItIHI)
([H eA6e9XtTEI§.6t[6)
(1H)

(IH tBE15-6)

I1HI)
FORMAT (65HOFAN AND MIDDLE SPOOL ARE ATTACHED t USE INNER AND OUTE

1R TURBINES)
18 FORMAT |TBHOM[DOLE AND COMPRESSOR SPOOLS ARE ATTACHED t USE MIDDLE

I AND OUTER TURBINES)

19 FORMAT (lqHOTHREE SPOOL ENGINE)
20 FORMAT (21HONO AIRFLOW INTO WING)

21 FORMAT (1H*22X_16Hp AFT-TURBOFAN)
22 FORMAT (14HO AFT-TURBOFAN)

23 FORMAT (22HOMIDOLE SPOOL IS DUMMY)
END

116

115
116

117
118

119

120
121

122
123

126
125

126
12T
128

i29
130

131
132
133

136
135

136
137

138
139

140
161
162

163
144
145

166
147

168

|]BFTC PARABO
SUBROUTINE PARABO (X_YtXD_YANS)
D|MENSION X(3)_Y|3)

A=I(X(I)-X(2I)_(Y(I)-Y(3))-(X(I)-Xi3))_(Y(I)-Y(Z)))I((Xil)-X(2))_(
LX(1)-X(3))_(X(3)-X(2)))

B=(IX(1)_2-X(2)_2)_(YI1)-YI3))-(X(1)_2-XI3;_tZ)_IY(I)-YI2)))/(I

lX(I)-X(2))_(X(I)-X(3))_(XiZ)-X(3)))
D=(Y(I)tX(2)_2-Y(2)_XII)_t2-BtX(2)_X(I)_iXI2J-X(I)))/(X(Z)_t2-X(1

l)_2)
YANS=IA_XD+B)SXD÷D

RETURN

END

1
2
3

4
5

6
7

8

9
10

11

$1BFTC PERF
SUBROUTINE PERF

COMMON /_ORDSI WORD
COMMON /DESIGN/

IIDES _JDES tKOES tMOOE tINIT _[OUMP tIAMTP _[GASMX!
2IOBURNtIAFTBNtIDCD tlMCD tIDSHOCtIMSHOCtNOZFLT_ITRYS e

3LOOPER_NOMAP _NUMMAP_MAPEDGtTOLALL_ERR(9)
COMMON IALLII

IPCNFGU_PCNCGU_TBGU _DUMDI _DUMDZ _OELFG _OELFN _OELSFC_

ZZFDS _PCNFOS_PRFDS tETAFDS_WAFOS _PRFCF _ETAFCF,WAFCF ,
3ZCDS _PCNCDSePRCDS _ETACDS_MACDS _PRCCF tETACCFeWACCF
4T60S _¼FBOS eDTCOOS_ETABOS_MA3CDStDPCOOS_OTCOCF_ETABCF_

5TFHPDSeCNHPDS_ETHPOSeTFHPCF_CNHPCFtETHPCFeCHHPCF_T2DS
6TFLPOSeCNLPOS_ETLPOS_TFLPCFtCNLPCF_ETLPCFtOHLPCF_TZLOS

7T26DS eWFDOS _DTDUOS_ETADDStWA230SeOPDUDS_DTDUCF_ETADCF_

1

2
3

6
5

6
7
B
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10
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8TTDS tMFADS eOTAFOSeETAADStMG6CDSeDPAFDSgDTAFCFtETAACFs
9A55 _A25 tA6 tAT tAB tAQ eAZ8 tA29 t

SPS55 tAN55 tCVDNOZtCVMNOZpABSAV jA9SAV •A28SAV_A29SAV
COMMON /ALLZ/

IT1 ePl tH[ jS1 •T2 IP2 mH2 tS2 t

ZTZ| tP21 •HZ1 tSZl •T3 •P3 ,H3 •$3 ,

3T6 eP4 tH_ _$6 •T5 _P5 •H5 tS5 •
• T55 •P55 •H55 tS55 •BLF •BLC •8LDU •BLOB •
5CNF •PRF _ETAF •HAFC IHAF •HA3 •HG6 pFAR_

6CNC •PRC •ETAC tWACC •WAC tETAB •DPCOM •DUMP •
7CNHP oETATHP•DHTCHP•DHTC •5LHP •WG5 •FAR5 •CS t
8CNLP #ETATLPeDHTCLP_DHTF •BLLP eWG55 eFAR55 eHPEXT e

9AM tALTP tETAR •ZF tPCNF tZC •PCNC ,WFB •
$TFFHP wTFFLP pPCBLF wPCBLC ePCBLDUtPCBLOSePCBLHPePCBLLP

COMHON /ALL3/

1XP1 _XHAF tXWAC _XBLF 9XBLDU pXH3 pDUMS1 eDUMS2
2XT21 •XP21 •XH21 tXS21 tT23 •P23 •H23 •S23 •

3T2¢ gP2¢ tH26 •$26 •T25 •P25 tH25 •$25 •
• T28 •P28 tHZ8 •528 tT29 _P29 •H29 tS29 •

5WAD •WFD •WG26 tFAR2_ eETAD _DPDUC •BYPASS•DUNS3 t
bTS28 BPS28 •V28 tAH28 tTS29 _PS29 •V29 _AM2? t

7XT55 tXP55 tXH55 vXS55 •XT25 eXP25 tXH25 tX$25 t
8XMFB tXWG55 _XFAR55eXMFD tXMGZ_ •XFAR2_tXXPI tOUM_ ,

9T6 tPb eH6

ST8 •P8 •H8
COMMON /ALL6/

[_G6 _MFA tHG7
2PS6 eV6 •AM6
3T56 •PS8 tV8

6VA •FRO tVJD
5FGM •FGP •WFT

tS6 _T7 _P7 •H7 •ST

iS8 tT9 tP9 eH9 eS9

_FAR7 _ETAA _DPAFT •V55 •VZS •
• TS7 ePS7 tV7 tAM7 tAM25 •
tAMS _TS9 _PS9 •V9 _AM9 •

tFGMD eVJN _FGMH tFGPD eFGPM •
• WGT _FART tFG eFN _SFC t

6_A32 •OP_GDStDPMINGt_A32OStA38 eAM3B _V38 tT38

7H38 _P38 _TS38 tPS38 tT39 tH39 eP39 _TS39 t

8V39 _AM39 tA39 •BPRINT•MG37 •CVDMNG_FGMMNGtFGPMNG•
OFN_NG_FNMAIN_Fk_DVFNePS39 _FFOVFNeFCOVFNeFMNOFNeFNOVFDe

SVJ_ tT22 •P22 tHZ2 _$22 ,T50 ,PSO •HSO
COMMON /ALLS/

1S50 _A22 _ZI tPCNI •CN[ •PRI _ETA! _AC[

2TFF|P •CNXP eETATIPeDHTCIP_DHTI _BL|P ePCBL|PtPCNIGU_
3ZIOS tPCNIDS_PRIDS tETAIDStMAIDS ePRICF eETAICFtWA[CF
_TF[PDStCNEPDStET|PDS_TF|PCF_CNIPCF_ETIPCFeDHIPCFtMAICD$_

5MAI tPCBLI tBLI eT220S eMA21 eMGSO tFAR50 tA26 e
bAM23 •OUMSPLtFXFN2M_FXMZCPeAFTFAN_PUNT ePCBLIOeP6DSAVe
TAMbOSV_ETAASVeFARTSV_T_PBL •T61 •FAN •IS POOL

_OMHON /DYN/ ITRANeT|ME_DT_TFtJTRANtNSTEP_TPR[NT_DTPRNT
COMMON/UNITS/SI

LOGICAL SI
LOGICAL AFTFANvDUMSPL_FAN
DATA AMORO/6H PERF!
_ORD-A_ORD

IF (SI) GO TO lOO
G=32. IT60_9
CAPSF=2116.2170

GO TO lOl

tOO G=I.O
CAPSF'I.O

101 CONTINUE
_FT'MFB*MFD_FA

MAT=_AF-BLOB
_F (AFTFAN) MAT=M_T+MAi
MGT=_AT+WFT

FART-_FT/_AT
VA=AM_CS

FRO-VA_AF/G
[F(AFTFANI FRD=VA_(MAF÷_A|)/G

VJM=CVMNOZ_V9
FGMM=VJM_WGT/G
FGPM_CAPSF_(PSg-P[)_A9

IFIIGASMX.GT.OeOR._NOT.FAN) GO TO 1
VJD=CVDNOZ_VZ9
FGMD=VJD*HG2_/G

FGPD-CAPSF_IPSZg-PI)_A29
VJ_=Oo
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29
30
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36
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30
60

62
_3

69
4.6

_7
68

_9
50

5I
52
53

5_
55
56

57
58

59

6O

61
62
63
b6

65
66
67

68

69
7O

71
7Z
73
74

75
76

77
78
79

8O
81

82
83
86

B5
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81



FGMWNG=Oo
FGPWNG=O,

FGWING=O.
FNWING=O,

IF (PCBLID,EQ, O.} GO TO 2
VJW_CVOWNG_V39
FGMWNG-VJHSWG37/G

FGPWNG=GAPSF_(PS39-'PI)_A39

FGWING=FGNHNG÷FGPk_qG
FNHING=FGWING-VASNA32/G
FGN=FGNNeFGMO÷FGMWNG
FGP=FGPN+FGPD+FGPNNG

FNMAIN=|FGNM+FGMD+FGPN÷FGPD)-VA_IWAF-WA32)iG

IF IAFTFAN) FNNAINx(FGMN+FGNO÷FGPM+FGPD)-VAS(WAFeWAI-WA32)/G
FG=FGN+FGP
FN-FG-FRD
SFC=3bOO,_NFT/FN

FG-OELFG_FG
FN=DELFN_FN
SFC-DELSFCeSFC

FFAN=FGMO÷FGPO-VA_WADIG
FCORE=FNMAIN-FFAN
FFOVFN=FFAN/FN

FCOVFN=FCORE/FN
FWOVFN=FNWING/FN

FMNOFN=FNMAIN/FN

IF I|OES.EQol) FOES=FN
FNOVFD-FN/FDES
IF I*NOT*DUNSPL) GO TO 3
PCNI=leC

CNI=O.

[F||TRAN. EQ*I.AND.TIME.LT.TPRINT) CALL ENGBAL
CALL OUTPUT
CALL ERROR

RETURN
END

88
8q

90

91
92
93
9_

95
96
97

98

99
100

101
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103
10_

105
106
107
108

109
110

111

112
113

11_
115
116

117
118
119

120
121

122
123

$[BFTC PROCOM

SUBROUTINE PRDCOM IFARX_TEX_CSEX.AKEX.CPEXtREX_PHI,HEX)
CONNONIUNITS/S!
LOGICAL SI

C IF S[ UNITS ARE USEDm CONVERT TEX TO DEGREES RANKINE
IF ISl) TEX=TEX_9,OIS. O

IF (FARX.LE.O,O67_23) GO TO 1

FARXmO.ObTbZ3
1 IF ITEX.GE,300,) GO TO 2

TEX=300,

2 IF (TEXoLE.600Oo) GO TO 3
TEX=6000.

3 IF (FARXeGE,O,OI GO TO
FARX=OeO

C AIR PATH
6 CPA-((((III,0L15560E-25_TEX-Ee652677OE-21)_TEX÷7,bZ15767E-L8)_TEX-

11.5128259E-161_TEX-6.7178376E-12)_TEX+b,5519686E-O8)STEX-5.1536879

2E-OS)_TEX÷2-5020051E-01
HEA=II(I(I|I.Zb66625E-Zb_TEX-2,0TSZSZZE-ZZI_TEX÷ItZTO2630E-1BI*TEX

I-3.0256518E-15)STEX-1ob79659_E-12)_TEX÷2,1839826E-OB)_TEX-2,576866
20E-OS)_TEX÷2.502O¢51E-O1)_TEX-loT55888bE+O0

SEA-÷2,5020051E-Ol_ALOG(TEX)+((I(((1,_65076TE-Z6_TEX-Z,¢Z11288E-22
I)tTEX+l. S263153E-18)_TEX-3o7820648[--15)_TEX-2.2392790E-12)_TEX+3.2

2759T_3E-O8)STEX-5.1576879E-O5)eTEX÷4oS_32300E-02
IF (FARX.LE.O.O) GO TO 5

C FUEL/AIR PATH

CPF-(tI(I|T.Z678TIOE-25_TEX-1.3335bbSE-ZOI_TEX÷I.021ZqI3E-16)_TEX-
l_.2051106E-13)¢TEx÷9.9686793E-IO)¢TEX-le3771901E-O6)¢TEX÷I.2258630
ZE-O3)tTEX÷7.3816638E-02

HEF=III((|I9,OB68388E-26_TEX-l,?OSO969E-Z1)_TEX+I.70215Z5E-17)_TEX
I-8o6102208E-l¢I_TEX÷2o6921698E-lO)_TEX-6,5906332E-OT)_TEXeb.129315

ZOE-O6)_TEX÷7.3816638E-OZI_TEXe3,0581530Et01

1
2

3
6

5
6

7
8

9
10

11
12
13

15
16

17
1B

lq
20

21
22

23
26
25
26

27
28

29
30

31

82



100

IOl

SEF=el.381bb3BE-OZ_ALOG( TEX]Ie III I ( I 1.03OZbTOE-ZSmTEX-Z*ZZZbllBE-21
11 _'TE X+Z.O_Z58Z6E- 17) _TEX- 1.0512.776 E- 13 ) • TE X+ 3- 32ZB928E-IO ) _'TEX-6* 8

2859505E-07 ) *TE X*1-2258630E-03 ) '_TE X÷6.483398E-O !
C P EX= ( CPAtFARXIkCP F I / ( ! **FARX )

HEX='( HEA÷F ARX4'HEF )/( I*÷FARX )
PHI=( SEA_FARX_I'SEF )/( I*_FARX;

AMW"28.97- *966186_FARX

REX = 1 * 986375/AN_
AKEX'CPEX/I CPEX-REX)

C SEx=SQRTI AKEX_RE _TEXt25031.37)
iF (S[) GO TO lOO

GO TO I01

CPEX=CPEX_6185* 766b
HEX=HEXS2325*6259
PH i=PH[_6185.7666

RE X-R EX_6185. T666

CSEX=CSEX** 3048
TEX-TEX*5.0/9, O

CONT INUE
RETURN
END

3Z
33
34

35
: 36

37
38

39
40

61
62

63
6_
45

46
47

48
49

SO

51
52

$IBFTC PUTIN
SUBROUTINE PUTIN

COMMON /WORDS/ WORD
COMMON /DESIGN/

IIDES IJDES _KDES pMOOE _INET elDUMP t[AMTP tIGASHX_

2IDBURNpIAFTBNtIDCD _IMCO tIDSHOCpIMSHOC_NOZFLT_ITRYS p

3LOOPERpNOMAP _NUMHAPtMAPEDG_TOLALLtERR(9)
COMMON IALL1/

1PCNFGUtPCNCGU_TqGU pOUND1 rOUND2 _DELFG tDE LFN IDELSFC_

2ZFDS tPCNFDSIPRFOS tETAFDS,MAFDS _PRFCF IETAFCFIMAFCF t
3ZCOS tPCNCDSIPRCOS IETACDStMACDS t PRCCF tETACCFeWACCF

6T6DS IMFBOS tDTCOOSpETABOSpHA3COStDPCOOS_DTGOCFtETABCF,
5TFHPDS_CNHPDS,ETHPDS,TFHPCF_CNHPCF_ETHPCF_OHHPCF_T2DS
6TFLPOS_CNLPDS,ETLPDS_TFLPCFtCNLPCF_ETLPCFtDHLPCFtT21DS

7T260S _WFDDS tOTDUDStETADOS_MA23DS_DPDUDS_OTOUCF_ETADCF_
8TTDS _MFAOS _DTAFDStETAADStMG6CDS_DPAFDS_DTAFCF_ETAACF_

9A55 _A25 IA6 tAT sA8 tA9 IA28 _AZ9
$PS55 tAMS_ _CVDNOZtCVMNOZ,ABSAV ,AOSAV _A28SAV_A29SAV v

COMMON /ALLZ/

IT[ ePl sHI eS1 ,T2 _P2 eH2 ,$2 ,
2TZ1 ,PZI tH21 ,SZI ,T3 ,P3 ,H3 ,$3
3T6 tP4 _H6 tS6 _T5 _P5 _H5 _$5 ,
4T.55 tP55 IHS_ tSS5 ,BLF _BLC tBLDU _BLOB t

5CNF _PRF _ETAF tWAFC tMAF :MA3 t MG6 _FAR4
6CNC ePRC _ETAC _ACC _WAC _ETAB _DPCON eDUMP t

7CNHP eETATHP,OHTCHP_DHTC tBLHP _MG5 _FAR5 _CS
BCNLP eETATLPeDHTCLPeDHTF _BLLP eWG55 eFAR55 eHPEXT
9AM tALTP _ETAR tZF _PCNF tZC _PCNC _MFB t

STFFHP _TFFLP _PCBLF _PCBLC _PCBLDU_PCBLOB_PCBLHP_PCBLLP
COMMON IALL31

IXPl _XMAF _XWAC tXBLF ,XBLOU _XH3 _OUMSI tDUMS2
2XT21 tXP21 tXH21 tXSZl ,T23 tP23 eH23 tS23 t

3T26 ,P26 tH26 tSZ4 _T25 tP2S tH25 _$25
6T28 ,P28 ,HZB _$28 tT2_ _P29" _H29 _$29
5_AD ,WFO _G26 tFAR24 _ETAD _DPDUC _BYPASS_DUMS3

6TS2B _PSZ8 tV2B tAM28 tTS29 _PS29 tV29 _AM29 t
7XT55 _XP55 ,XH§5 tXS55 _XT25 _XP25 e XH25 tXS25

BXMFB ,XWG55 _XFARSS_XMFD _XMG24 _XFARZ6tXXPI _OUMB
9T6 tP6 _H6 _$6 tT_ _P7 tHT tST

$T8 _P8 _H8 IS8 ,Tq _P9 t H9 _$9
COMMON /ALL4/

I_G6 _FA tMG7 _FAR? tETAA _DPAFT tV55 _V25

2PS6 _V6 tAM6 _TST tPS? IVT IAM7 IAM25 t
3TSB _PS8 _VB tAM8 _TS9 tPS9 IV9 tAM9

6VA eFRD _VJD tFGMD tVJM tFGMM tFGPD tFGPM

5FGM tFGP _WFT tMGT tFART _FG _FN _SFC t
6MA32 ,DPMGDS_DPMINGtMA32DStA3B _AM38 tV38 tT38

1
2
3

4

5
6
7

8
9

lO
11

12
13
14

15
16

IT

lB
19
20

21
22
23

26
25

Z6
27
28

29
3O

31
32

33
3k
35

36
37

3B
3q

60
61
42

_3

65
46

83



84

7H38 _P38 ITS38 pPS38 tT3g _H3g rP39 _T$39 I
8V39 IAM39 _A39 ,8PRINT_WG3T eCVDWNGwFGMWNGtFGPWNG_

9FNMINGIFNMAIN_Fk_)VFNtPS39 _FFOVFN_FCOVFN_FNNOFNtFNOVFOt
$VJW _TZ2 tP22 tHZZ tS2Z jTSO _PSO jHSO

COMMON /ALL5/

IS50 tHA22 _ZI tPCNI _CNI tPRI tETAI ,HAC!

2TFFIP _CNIP _ETATIPpDHTCIP,DHTI tBLgP ,PCBLIPgPCNIGUt

3ZIOS JPCNIOS_PREDS BETA[DS_DAIOS tPRICF _ETAICF,WA[CF ,
4TFIPOS_CNIPOS_ETIPOStTFIPCF_CNIPCFIETIPCFIOHIPCFtWAICDSp
5DAI tPCBLI _BLI tTZZDS _DA21 _HGSO tFAR50 BA26
6AM23 _DUMSPL_FXFNZMpFXMZCPsAFTFANpPUNT t PCBLID_PbDSAV;

TAMbOSVtETAASVwFARTSVtT6PBL tT61 _FAN _ISPOOL

COMMON /DELCH/ OELT1

COMMON [DYN/ ITRAN_TIMEfDTsTFsJTRAN_NSTEPITPRINTpOTPRNT
COMMON /RPMS/ XNHPDS_XNIPDStXNLPOS_PMIHPtPMI|PjPMILP

COMMON /VOLS/ VFANtVINTC_VCOMP_VCOMBtVHPTRBtVIPTRB_VLPTRB_VAFTBN_
1VFOUCT_VWDUCT

COMMON /UNITS/ S[

LOGICAL ERRER_FXFNZM_FXMZCP_DUNSPL_AFTFAN_FANtSI
DATA AWORD/6HPUTIN /

COMMON/LOOPPR/KKGO_PRFNEDtPRCNEH
DIMENSION XSAVE(6DS)tXFILL(1)

EQUIVALENCE (XFILL_IDES)
COMMON/ERER/ERRER

IDES =1 FOR CALCULATING DESIGN POINT
ITRAN =1 THIS POINT IS THE IC FOR A TRANSIENT
MODE -0 FOR CONSTANT T6

MODE -1 FOR CONSTANT PCNC
MODE "2 FOg CONSTANT HF8
MODE "3 FOR CONSTANT PCNF

INIT =1 HILL NOT |NIT|AL|ZE POINT
IOUMP =L HILL OUMP LOOPING DRITE-OUTS IF ERROR OCCURS

IDUHP -2 WILL DUMP LOOPING DRITE-OUTS AFTER EVERY POINT
IAMTP mO HILL USE INPUT AM ANO MIL SPEC ETAR

IAMTP -I DILL USE INPUT AM AND INPUT ETAR
IAMTP -2 WILL USE T1-TI+DELTI AND STANDARD Pl
IAMTP -3 DILL USE P2 AND STANDARD TI

[AMTP =6 ¼|LL USE T2 AND PZ
IAMTP =5 HILL USE RAMZ FOR SPECIAL RECOVERY

IGASMX=-I SEPARATE FLOH_ INPUT AH6
|GASMX'O SEPARATE FLOH_ AI_=A55

IGASMX-I HILL MIx DUCT AND MAIN STREAMS_ A6-AZS÷A55
IGASMX:2 HILL MIX DUCT AND MAIN STREAMSt INPUT AM6
IDBURN:I FOR DUCT BURNING_ INPUT T2_

ID6URN'2 FOR DUCT BURNINGt INPUT DFD
IAFTBN'I FOR AFTERBURNINGt INPUT TT

IAFTBN'2 FOR AFTERBURNINGt INPUT HFA
IDCD "1 DUCT NOZZLE HILL BE C-D

IMCD "1 MAIN NOZZLE HILL BE C-O
NOZFLT=I FOR FLOATING MAIN NOZZLE
NOZFLT=Z FOR FLOATING DUCT NOZZLE

NOZFLT-3 FOR FLOATING MAIN AND DUCT NOZZLES

ITRYS "N NUMBER OF PASSES THRU ENGINE BEFORE QUITTING
NAMELIST /DATAIN/ ISPOOL_FANtS|_DELTI_

IIDEStMODE_IDUMP_|AMTPtIGASMX_lOBURNtIAFTBNfIOCD_IMCD_NOZFLTtITRYSt

ZFXFNZM_FXNZCP_AFTFAN_DUMSPL_TOLALLeDELFG_OELFNtDELSFCtPCNFDS_PRFOS
3_ETAFOS_PCNCOSBPRCOS_ETACOS_T6DS_HFBOS_ETABDS_OPCOOS_ETHPOS_ETLPOS

6_DPDUDS_TTDS_ETAAOS_DPAFDS_AbtA8tA28_PS55_AM55_CVONOZ_CVMNOZ_TZ_P2
5_T6_HAFCOS_HACCDS_HPEXT_ARtALTP_ETAR_PCNF_PCNC,_FS_PCBLFtPCSLC_

6PCBLOU,PCBLOB_PCBLHP_PCSLLP_TZ6_ETAO_TT_DFA_ETAAtAMb_AM23_OPHGOS_
TA38_PCNIOS_PCBLIPtZFDS_ZCDS_ZIDS_PCBLID_TFHPOS_CNHPOS_TFIPOS_

8CNIPDS_TFLPDS_CNLPDS_PRIDS_ETAIDStETIPOS_DAICDS_PCBL|_CVDHNGB
?ITRAN_DTPRNT_TF_IN|TeDT_XNHPDS_XNIPDS_XNLPDS_PMIHP_PMIIP_PMILP_

1VFANtVINTCtVCOMPtVCOMB_VHPTRB_VIPTRBtVLPTRB_VAFTBN_VPOUCT_VDOUCT
WORD'AHORO
ITRAN_O
JTRAN:O

TIME : OeO
NSTEP : 0
TPRINT : 0.0
OTPRNT = 0.0

CALL ZERO

IF IKKGO_EQ.1) GO TO 5

IDES-O

67
48

6q
5O

51
52
53

56
55
56

57

5B

59
60

61

62
63
66

65
66

67
68

69
TO

71
72
73

76
75
T6

TT
78

T9
80

81
82
83

86
85

86
8T
88

89
90

91
92

93
96
95

96
97

98
9q

100
101
1.02

Z03
106

105
i.06
IOT

108

109
ItO

!11
112
113

115

116
117

XI9

120



10

11

READ (S,DATAIN)
IF (ERRER.AND. IAFTBN.GT.O) GO TO 1

IF (ERRERoAND. IDBURN,GToO) GO TO 1
IF (ERRER°AND.NOZFLToGT.O) GO TO 1

ERRER=.FALSE.
TABLE IS REFERENCED TO COMMON/ALL/FIRST ENTRY

IF (IDES°EQ.O) GO TO 7
IF (KKGO°NE.2) GO TO 3

DO 2 I=1,397
XFILL(|)=XSAVE([)

READ (§_DATAIN)

CONTINUE
SAVE INPUT IN CASE OF LOOP ON PRESSURE RATIOS

DO 6 I=1t397
XSAVEII)-XFILLII)
GO TO 7

DO 6 I=1f397
XFILL([)=XSAVE([)

WRITE (6tB) PRFDSePRFNEW_PRCDSfPRCNEW
PRCDS=PRCNEW

PRFOS=PRFNEW
CONTINUE
KKGO=Z

IFIIAFTBN°GT°O°OReIDBURN*GT°O°CR°NOZFLT-GT.O) INIT=I
IF (NODE°EQ°OI WRITE (Bt9) |OES_AMtALTPtT4tTZ_tT7

IF (NODE°EQ*I) WRITE (8,10) IDES,AMeALTPIPCNC,TZ6eT7
IF (NODE°EQ.Z! WRITE (St/El IOES_AN,ALTPmWFBeTZ6_T7
IF ([DESeEQ°I) MAFC=MAFCDS

IF (DUMSPL) MAICDS=WACCOS

IF IIDES°EQ.t) WACI=WAICDS
IF|IDES°EQ°[) MAC C=WACCDS
CALL CO[NLT

RETURN

FORMAT (18HOCHANGE PRFDS FROMmFge3e6H
lmFlO*3t6H TOeFIO.3)

FORMAT (IHO_TH [OES=tI3tlOXTH

1 T_",FB°2_SX7H TZ_'_FBo2mSXTH
FORMAT (IHOITH IOES=mI3tlOXTH

1PCNC=tFB°3mSXTH TZ6=tFB.ZmSXTH
FORHAT (IHO_TH [OES=tI3tlOXTH

1MFB=tFB.6tSX7H TZ6=tFB.ZtSXTH
END

TOpFge3ml(_'l AND PRCDS FROM

AN= eFT,3tbXTH ALTP= tFT°O_6XTH

TT=t F8.Z mbH$$$S$S)
AN=I FT.3 m6XTH ALTP= tFT° OtbXTH

TT=eF8°ZmbHSS$$$$)
AH=eF7.3jbXTH ALTP=eFToO_bX7H

TT=tF8*ZtbHSSS$$S)

121

122
123
124

125
126

127
1Z8

129
130
131

132
133

134
135
136

137
138

139
1_0

l/e[
142
163

145
166

14T
168

t69
LSO

151
152

153
156

155
156
157
158

159

LbI
162

163

166

$IBFTC RAM

SUBROUTINE RAM IAMeETAR)
IF (AH.GToL.) GO TO 2
ETAR=I°

1 RETURN

2 IF (A_.GT.5.) GO TO 3
ETAR-I.-O-OTS*((AI_--I.)**I°3S)
GO TO 1

3 ETAR=BOO°/((AM_6)+935.)
GO TO 1

END

1
2
3

5

6
7

8
9

IO

$18FTC RAM2
SUBROUTINE RAM2 (AMeETAR)

DIMENSION PRINLTI15),FHN(15)
DIMENSION V(3)_X(3)
DATA FMNIO._°ltoZm.3e°6t.5_.O_l. lml.2tl°4mL.btl°Be2°Ze2°6m2°7/

DATA PRINLT/egt.932e°qst°gbllogb8t°gTe°qTOlm.97eeqb81t°958,°9#.
1.918Lp.858,°8201, o75/

85



2

H=,O

O0 l J=Lt 15
IF (AH,GEeFMN(J); N=J-1

IF (M,EQ,O) M=I

IF (MoGEo16) 14=13
DO 2 1-1,3

MM,,M-L+I
X( I )=FMN(HN}

Y ([)=PRINLT(HH)

CALL PARABO (XmYmAMmETAR)
RETURN
END

7
B
9

10
11

12
13

16

15
16

17
18

$IBFTC ROLL
SUBROUTINE ROLL

COMMONIFOC/FO|SOeB)

COMMON/SOCISO(IO_6)
COMNON/CDELAY/POATA(5,SO)eT[NEPTISO)

DO I I-lt50
FO(leZ)_FO|ItI)

1 FO{IlBIsFO(II31
DO 2 l'lmlO
SOIleb)'SOllp5)
SOII.S)=SOII.6)

SOlI.3)sSO([.2)

SO(I_2}=SO(I.I)
DO 3 I=1m69

NI=51-1

NO=50-I

TIMEPT(NI)=TINEPT(NO)

DO 3 J=l_5
3 POATA(J_N1}=PDATAiJmNO)

RETURN

END

1

2
3

6
5

6
T
8
9

10
11

12
13

16
IS

16
17

18
19
20

86

C ss_

C ***
C ***
C

C

C
C
C
C

C _o_

$1BFTC SEARCH
SUBROUT|NE SEARCH |PtAIBICeOpAXINA_BX_CXtOXINOtNANtNOMtNCOOE|

DIMENSION AX(NAM).BX(NAMmNON)eCX(NAMjNOH)mDXINA/4eNOM)tNO(NAM)_Q(9)
NEEDS SUBROUTINE AFQUIR

AX AND BX MUST BE STORED LO TO HI
P=INPUT PROPORTION BETWEEN OoO AND 1°0

IF NOT ENPUTt P MUST EQUAL -1-
NCODE=O0 OK

NCODE=OI A LO

NCOOE=OZ A HI
NCOOE=OT ERROR
NCOOE=IO B LO

NCODE=20 B HI
NCODE=O

C=O-
D=Oo

FIND A
DO I I=I.NA

IH=I
IF (A.LT.AX(I)} GO TO 2

1 CONTINUE
IF (A.GT.AX(IH|) NCODE=2
A=AX(IH)

GO TO 3

2 IF (IH.GT.I) GO TO $
NCOOE=I
IH=2

A=AX(I}
3 IL=IH-I

I
2
3

6
5

6
7
8

q
10

11
12

13
16
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18
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2O

21
22
23

26
25

26
27

2B



LINH=NDIIH)
LINL=NO(IL)

C *or FIND B
PRN=IA-AX(IL))I(AX(IH)-AX([L))

PP=P
IF IP.GE.Oo) GO TO 6

BL=BX(IL_I)÷PRN_(BX(IHtL)-BX(|Ltl))

BH=BX(IL_L|NL)÷PRH_(BX(IH_L|NH)-BX(|L_LIRL))

IF (8°GE-BL) GO TO
NCODE=NCODE÷IO

B=BL
GO TO 5

6 IF IB.LE. BH) GO TO 5
NCODE=NCODE+2O
BHN-BXIIL_L[NL-I)÷PRN_(BX([HvLINH"I)-BX(IL_L[NL-I))
CHN=CX ( ILp L[NL-I) ÷PRNS (CX ( [H_ L [NH- 1)-CX( IL_L [NL-I) )

DHM=OX ( ILp LINL-I) ÷PRH_IDX ( [H, LINH-I)-DX( IL eLIML-1) )

CH=CX([LeLINL)+PRN_(CX([HeLINH)-CX([L_LIML))
DH=DX(XLeLIML)÷PRM_iOX([HeLINH)-DX|ILtLINL))

CSLOPE=(CH-CHN)/(BH-BHN)
DSLOPE=(DH-DHN)/(BH-BHH)

CaCH+CSLOPES(B-BH)
D=OH+DSLOPE$(B-BH)

RETURN
5 PP=O-5

OlZ)=O°
O(3)=O.

b BH=PPt(BX(IHtL[NH)-BX([Htl))÷BX(IH_I)
BL=PP_(BX(ILpLINLI-BX([Ltl))_BX(ILI1)

On 7 J=2_L[NH

JH=J
IF (BHeLToBX(]HtJ)) GO TO 8

7 CONTINUE

8 JL-JH-I
DO 9 K=ZtLINL
KH=K

[F (BL.LT°BX(ILtK)) GO TO 10

9 CONT[NUE
10 KL=KH-1

pR=(BX([H_JL)-BH)/|BX([H_JH)-BX(]H_JL))

CH=CX([HtJL)-PR_(CXI[H_JH)-CX([H_JL))
DH=DX([HtJL)-PRt(OXIIHeJH)-DX([H_JL))
pR.(BX(IL_KL)-BL)/IBX(|L_KH)-BX([LtKL))

CL=CX(|L,KL)-PR_(CX([L_KH)-CX(ILpKL))
DL=DX(ILmKL)-PR=(DX([L_KH)-DX(ILIKL))

BT=BL+PRN_(BH-BL)

CT=CL+PRNe(CH-CL)
DT=DL÷PRNS(DH-DL)
[F (P°GE°O°) GO TO 13

DIR=SQRTIB/BT)
ERR= (B-BT)/B
CALL AFQUIR (O(11tPP=ERRjO°eZS°_OeOOItDIRtPTtICON)
GO TO (11tL3v12)elCON

11 PP=PT
IF (PPeLT.O°) PP=O.

IF (PP*GT°I°) PP=I-
GO TO 6

12 NCODE=7
13 B=BT

C=CT
D=DT

RETURN
END
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39
40

61
z_2
63

_5

_7

_8

49
50

51
52

53
54
55
56

57
58

59
60

61

62
63
66

65

66
b7
68
69

70
Tt

72
73

7_
75

76
77
78

79
80
81
82

83
86
85

86
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SIBFTC SYG
SUBROUTINE SYG (ICON)

DIMENSION NORDI132)
DATA ONEDOLIbH$ I

GO TO (I_ZI_ICON

8'7



C

C

IO

II

12

END FILE 8

REWIND 8
RETURN

TERMINATE THE FILE

MRITE (SilO|
END FILE 8
REWIND 8

READ RECORD
READ 18e11) IWORDI[)e[=[_13Z)

CHECK FOR 12 LEADING DOLLAR SIGNS

DO 6 ['l, IZ

IF (MORD(I)-ONEDOL) 5w_,5
CONTINUE

RETURN
CHECK FOR 6 TRAILING DOLLAR SIGNS

DO 8 ]'Z_132
I"I

IF (WORO(I)-ONEOOL) 8t6j8
K_ 14"5

DO 7 J=[,K
IF (MORD|J)-ONEOOL) 6BTe6
C ONT I NUE
GO TO 9

CONTINUE

WRITE (6_ 12)
RETURN

PRINT LINE
I'I-I

WRITE ibtll) (MORDIM)_M"I,I)
GO TO 3

FORMAT 112H$$$$$$$$$$$$;

FORMAT (132AL)
FORMAT IIHO. 12HERROR IN SYG)

END
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6
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q

I0

11
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30
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$IBFTC THCOMP
SUBROUTINE THCOMP (PRtETAtTBH,SBPtTO_HO_SOePO)
COMMON /UNITS/ SI
LOGICAL SI

CPG-.250

IFIS[) CPG=IO_8o
PO-P_PR
TP=T_PR_O.28572

DO 1 I=1j25

CALL THERMO (POeHPeTPeSP,XlfOtX210)
DELS'SP-S

IF (ABSIDELS).LE°O-O0005_S) GO TO 2
1 TF-TP/EXP(DELS/CPG)

CALL ERROR
Z HO_H÷(IHP-H)IETA)

CALL THERMD (POtHGtTOsSOsXlsOpX2tl)
RETURN

END

1
Z

3

5

6
7

8
9

lO

11
12
L3
16

15
16

17

$IBFTC THERNO
SUBROUTINE THERNO IPXtHXtTXtSXtAMXtLeFAReK)

COMMON/UNITS/S[
LOGICAL 51
IF (SI) GO TO lOO

DEM-lo986375
CPG=.Z50

PSTD-I.0

88



lO0

101

GO TO 101
DEN"B316.61

CPG"I048.
PSTD"IOI325.
C ONT I NUE

FX=O.

IF |L.EQ, I) FX=FAR
IF (K-EQ-I) GO TO 1
CALL PROCOM (FXtTXtCStAKtCPtR_PHI_HX|

GO TO 3
TX,'HX/CPG

DO 2 I=l, 15
CALL PROCOH |FX_TX_CStAKtCPtRtPHItH)

DELH_HX-H
IF (ABS|DELH)eLEeO.OOOOI_'HX) GO TO 3

TX=TX÷DELH/CPG

WRITE (8_4)
S X=PHI-R_ALOG| PX/PSTD)

ANX..DEN/R
RETURN

FORMAT (31HOMO CONVERGENCE IN THERMO$$S$$$)

END

8

9
10

ll
12

13
14

15
16
17

18
19
20

21
22

23

24
25
26

27
28
29

30
31

$1BFTC THTURB
SUBROUTINE THTURB (DHtETAtFARtHtStP_TO_HOtSOtPO)

COMMON/UNITS/ZI
LOGICAL ZI

IF IZl) GO TO 100

DEM=I.g86375
GO TO 101

100 DEM=8316o41

101 CONTINUE
HO=H-DH

HOP=H-OH/ETA
PT=P/2°

00 I l=ltZ5
CALL THERHO (PTtHOP_TT,STtANWTt|tFARtl)

DELS-ST-S
[F (ABS(OELS)°LE.OeOOO05_S) GO TO 2

I PT=P_EXP(DELStAHWT/OEH÷ALOG(PT/P))

CALL ERROR
Z PO-PT

CALL THERNO (PO_HD,TOsSOtXItltFARII)

RETURN

END

1
2

3
4z.

S
6

8
9

10

IZ
13
14
1S

16
17
18
19

20

ZI

$IBFTC WDUCT!
SUBROUTINE WDUCTI
COMMON /WORDS/ WORD

COMMON /DESIGN/
IIDES tJDES _KDES tNODE _INIT _IDUMP _IAMTP _IGASMX_

2IDBURNtIAFTBNtIOCO tlNCD _IDSHOCIIMSHOC_NOZFLTtITRYS t
3LOOPERtNOMAP tNUHMAPtNAPEDGtTOLALLfERR(g)

COMMON /ALLII
1PCNFGUpPCNCGUtT_GU _OUNOI pOUMO2 tDELFG mDELFN tDELSFCp
2ZFDS pPCNFDStPRFDS tETAFDStNAFDS tPRFCF tETAFCF,WAFCF t

3ZCDS tPCNCOStPRCOS tETACDStWACDS _PRCCF eETACCF_WACCF I
4T4DS ,_FBDS t OTCOOSpETABDS,WA3CDStOPCOOStOTCOCFtETABCFt

STFHPDStCNHPDStETHPDStTFHPCF,CNHPCFoETHPCF_OHHPCF_TZDS
bTFLPOStCNLPOStETLPOS_TFLPCF_CNLPCF,ETLPCF_DHLPCF_T21DS
7T240S _WFDDS _DTDUOS_ETAOOS_NA23OStOPOUOSBOTOUCF_ETADCF_
8TTDS _WFADS _OTAFDS_ETAAOStWG6COS,OP_FO$oDTAFCF,ETAACF_

1
2

3
6
S

6
7
8

9
tO

II
12

13

15
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100

lOi

9A55

$PS55

COMMON
IT 1

2T2 1

3T4.

6T55

5CNF

6CNC

7CNHP

8CNLP

9AM

STFFHP

,A6 pAT ,A8 tA9 ,A28 ,A29 ,

ICVDNOZ,CVMNOZwABSAV ,AgSAV tA28SAV,A29SAV

,A25

,AM55

fALL21

,PL ,HL ,$I ,T2 ,P2 ,H2 ,$2 ,

,P2I ,HZI ,S2I ,T3 ,P3 ,H3 ,$3 ,

,P4. tH4. 1S6 ,T5 ,P5 ,H5 ,$5

,P55 ,H55 ,$55 ,BLF ,BLC ,BLDU ,BLOB ,

,PRF ,ETAF ,WAFC ,WAF ,WA3 ,WG6 ,FAR4. ,

,PRC ,ETAC ,WACC ,WAC ,ETAB _DPCOM ,DUMP ,

,ETATHPeDHTCHP,DHTC ,BLHP ,WG5 tFAR5 ,CS ,

,ETATLP,OHTCLPtDHTF tBLLP ,WG55 tFAR55 ,HPEXT ,

,ALTP ,ETAR ,ZF ,PCNF ,ZC tPCNC ,WFB

,TFFLP ,PCBLF ,PCBLC ,PCELDU,PCBLOB,PCBLHP,PCBLLP

COMMON /ALL31

IXPl ,XWAF ,XWAC ,XBLF ,XBLDU ,XH3 ,DUMSI ,OUMS2 ,

2XT21 ,XP2_ ,XHZI ,XS2I ,TZ3 ,P23 tH23 ,$23 ,

3T24. ,P26 ,H24. pS24 ,T25 _P25 _H25 ,$25

4T28 ,928 ,H28 ,S28 ,T2_ _P29 ,H29 ,$29 ,

5WAD ,WFD ,WG24 ,FAR24. ,ETAD ,DPDUC ,BYPASStDUMS3 ,

6TSZB ,PS26 ,V26 ,AM28 ,TSZ9 ,PS2g ,V2? ,AM29 ,

7XT55 tXP55 ,XH55 ,XS55 ,XT25 ,XP25 ,XH25 ,XS25 ,

8XWFB ,XWG55 ,XFAR55,XWFD

9T6 ,P6 ,H6 ,S6

$T8 ,PB ,H8 ,$8

COMMON /ALL4./

IWG6 ,WFA ,WG7 ,FAR? ,ETAA

2PS6 ,V6 ,AMb ,TS7 ,PS7
3TS8 ,PS8 ,V8 ,AM8 ,TS9

4.VA ,FRO ,VJD ,FGMD ,VJM

5FGM ,FGP ,WFT ,NOT ,FART
6WA32 ,DPWGDS,DPWING,wA32OS,A38

7H38 ,P38 ,TS38 ,PS38 ,T3g
6V39 ,_M39 _A39 ,6PRINT,WG37

,XWG24. ,xFARZB,XXPI ,DUMB ,

iT7 ,P7 ,H7 ,S7 ,

,T9 ,P9 ,H9 ,Sg

,DPAFT ,V55 ,V25 ,

,V7 ,AM7 ,AM25 ,

,PS9 ,V9 ,AM9 ,

,FGMM ,FGPO ,FGPM ,

,FG tFN ,SFC

tAM38 ,V38 ,T38 ,

,H39 ,P39 ,TS39 ,

,CVOWNGtFGMwNG,FGPwNG,

9FNWING,FNMAIN, FWOVFN,PS3g ,FFOVFN,FCOVFNwFMNOFN,FNOVFD,

SVJW ,TZ2 ,P22 ,H22 ,$22 ,TSO ,PSO ,HSO
COMMON /ALLS/

LSSO ,WA22 ,ZI ,PCNI ,CNI ,PRI ,ETA, ,WACI ,

2TFFIP ,CNIP ,ETATIP,DHTCIP,DHTI ,BLIP ,PCBLIP,PCNIGU,

3ZIDS ,PCNIDS,PRIDS ,ETAIDS,WAIDS ,PRICF ,ETA|CF,WAICF ,

4.TFIPDS,CNIPDS,ETIPDS,TFIPCF,CNIPCFtETIPCF,DHIPCF,WAICDS,

5WAI ,PCBLI ,BLI ,T22DS ,WA2I ,WG50 ,FAR50 ,A24. ,

6AM23 tDUMSPL,FXFN2M,FXM2CP,AFTFAN,PUNT ,PCBLID,P6DSAV,

76MbDSVmETAASV,FARTSV,T4PBL ,T4.1 ,FAN jISPl]Qt

COMMON /VOLS/ VFANtVINTC,VCOMP_VCOMB,VHPTRB,VIPTRB,VLPTRB,VAFTBN,

I VFDUCT,VWDUCT
COMMON /UNITS/ SI

LOGICAL SI
DATA AWORD/6HWDUETI/

DIMENSION Q(91

DIMENSION XZERO(26)
EQUIVALENCE (XZERO,DPWING)
WORD=AWORO
IF(SI_ GO TO tO0

RA=.0252
AJ=2,719

GO TO 1Ol
RA=286.9

AJ=I.O
CONTINUE

IF (PCBLIDoGT.O.I GO TO 3

XZERS=CVDWNG

DO I I=1,26
XZERO(1)=O°O

CVDWNG=XZERS

RETURN

CONTINUE

P32=P21
H32=HZI

T32=T21
BPRINT=WA32/WAC

WA32C=WA32_SQRTIT32)/P32

IF IIDES.EQ.L) WA32DS=WA3ZC
DPWING=DPWGDS=WA32C/NA32DS

16

I7

1B
lq

20
21

22

23
26
25

26
27

28
29
3O

31
32
33
36

35

36
37

38
39

4-0

42
63
4.4-

65
46

4.7
4.6

69

50
51
52

53
54.
55

56
57

58

59

60
61

62
63
6/,

65
66

67
68
69

70
7I

72
73

74.

75
76
77
78
79

80
81

82
83

84
8fi
86

87
88
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18

19

20

21

DPMING=AMINIII.OeOPWING)
P36,,P32tII.-DPMING)

T36-T32
H3_H3Z

CALL THERMO (P36tH36tT36tS36eXXZpI_OeOtO)
WG37"WA32
T3T'T36

P37-P36
H37-H36

$37-$36
|F(VMOUCT.EQ.O.O) GO TO 21
Q(2)-O-O

Q(3)-OeO
MG37P-MG37

H37P-H3T

P3TOOT'OERIV(22eP37)
CONTINUE

CALL THERMOIP37tH37tT37eS37tXX2eI_OeOIO)
MG3T-MG37P-P37DOTSVMOUCT/T37/Ie41RA

U37"H37-RA*AJ_T37
U37DOT'OERIV(23tU3T)
H3¥X-(MG37P*H37P-(MG3TP-MG37)*U37-U3TDOT_P37*VMOUCT/T371RA)/MG37

ERRM-(H37-H37X)/H37
OIRISQRTIABSIH371H3TX))

_ALL AFQUIR(Q(1)pT37tERRM,Oee20._OeOOOl,OIReT37ToIGO)
GO TO (1qt21,20)elGO
T37=T37T

GO TO 18
CALL ERROR

CONTINUE

NOZD=O

CALL CONVRG (T3TtH3TtP37jS37eO°OeMG3TwPItIDESjA38wP38RtT38_H38eP38

I_S3BeTS38ePS38eV38eAM3BeICON)

GO TO |StStS_6)tICON
CALL ERROR
T39"T38
H39=H38
P39-P38

$39-$38
TS39-TS38

V39=V38
AM39-AM38

A39-A38

PS39-PS38
IDSHOC'|CON_3

ERR(T)'(P38R-P38)/P38R
IF (IDES.EQelJ MR ITE (6t6) A38BAM3BtA39tAM39
RETURN

FORMAT (18HOINTER DUCT OESIGNt5X, BH

I_8H A3q'pElSe8eBl'l AM39stEIS°8)
ENO

A38"eEISe8e8H AM38"pE15°8

89
90

91

92

.03
96
95

96
97
98
99

100

101
102

103
I06
105

106
107

108
10'9

110
111
112

113
116

115
1 lb

117
118

119

120
121

1.22
123

X26
125
126

127
128

129
130

131

132
133
136

135
136
137
138

13q
160
161

$IBFTC ZERO
SUBROUTINE ZERO

COMMON /MOROS/ MORD
COMMON IDESIGNf

IIOES tJOES tKDES mMODE IIN|T tIDUMP eIAMTP p|GASMX_
2]DBURNeIAFTBNfIDCD e l/qCD eI DSHOCeINSHOCeNOZFLTpITRYS •

3LOOPER_NOMAP eNUMMAPtMAPEDGtTOLALLmERR(9|
COMMON IALLI/

lPCNFGU_PCNCGUoT_GU tDUM01 jDUMO2 _DELFG tDELFN tOELSFCt

ZZFDS ePCNFOStPRFDS eETAFDStMAFOS wPRFCF tETAFCFtWAFCF s
3ZCDS ePCNCDS_PRCOS _ETACDSeMACOS _PRCCF tETACCF_MACCF
6T60S _MFBOS tOTCODSeETABDStMA3COStDPCOOS_OTCOCFeETABCFe

5TFHPDS,CNHPDStETHPOSeTFHPCFeCNHPCFeETHPCFeDHHPCF_T20S
bTFLPOS_CNLPDS,ETLPOSeTFLPCFtCNLPCFeETLPCFtOHLPCFeTZIOS
7T26DS ,MFDDS eDTDUOS,ETAODSeNA2.3DS_DPOUDSeDTDUCFeETADCFe

1
2
3

6
5
6

7
8

9

10
11

IZ
13
16
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1

2

3

8TTDS •WFAD$ •DTAFDSmETEAOSpMG6CDStDPAFD$_DTAFCF,ETAACF_
9A55 •A25 tA6 tAT cA8 •A9 ,A28 eA29 •

$P555 •AM55 •CVDNOZ•CVMNOZmA8SAV •AqSAV mA28$AVeAZgSAV
COMMON /ALL21

1T1 sPl •H1 mS1 eTZ •P2 tH2 •SZ •
2TZ1 _P21 tH21 •SZ1 •T3 •P3 IH3 mS3 m

3T4 eP4 _H4 •54 eT§ tP5 •H5 _$5 t
4T55 •P55 tH55 tS55 •BLF •BLC _BLDU jBLOB t

5CNF sPRF sETAF eHAFC tWAF ,NA3 eWG6 eFAR6 ,
OCNC ePRC eETAC vMACC m_AC ,ETA8 ,DPCOM •DUMP

TCNHP •ETATHPmOHTCHPmDHTC tBLHP ,WG5 _FAR5 pCS
8CNLP ,ETATLPmDHTCLPtDHTF eBLLP ,MG55 ,FAR55 .HPEXT •

9AM tALTP •ETAR ,ZF _PCNF mZC ,PCNC eWFB ,
STFFHP ,TFFLP ,PCBLF _PCBLC ePCBLDUtPCBLOBmPCBLHPePCBLLP

COMMON /ALL3/

/XPl •XNAF _XMAC ,XBLF tXBLDU •XH3 •DUNS1 eDUMS2 •
ZXT2[ •XPZI •XH21 mXSZL •T23 •P23 mH23 ,523 •

3T24 _P24 eH2_ .$2_ ,TZ5 •P25 •H25 eS25 ,
_T28 eP28 •H28 pS28 •T29 •P29 •HZ? .529
5MAD ,MFD •WG26 tFAR24 tETAC •DPDUC •BYPASS•DUNS3 m

6TS28 ,PS28 ,V28 tAM28 ,TS29 oPS29 tV29 _AM29 ,

7XT55 tXP55 _XH55 ,X555 ,XT25 ,XPZ5 ,XH25 ,XS25 .

8XWFB eXMG55 jXFAR55_XMFD .XMG26 _XFARZ4.XXPI ,DUMB t
9T6 •Pb ,H6
$T8 eP8 IH8

COMMON /ALL6/

1MG6 jWFA _WG7
2PS6 •V6 ,AM6
3TS8 •PS8 ,V8

4VA ,FRO eVJO

5FGM eFGP _WFT
bWA32 .OPNGDS•DPMING
TH38 _P38 tT538

8V39 _AM39 •A39
9FNMINGtFNMAINmFMOVFN

SVJN .T22 .P22
COMMON /ALL5/

eS6 eT7 .P7 .HI ,ST

,$8 ,T9 •P9 ,H9 ,59

,FAR7 ,ETAA .DPAFT mV55 tV25 .
.TS7 •PS7 tV7 _AM7 eAMZ5 e
.AM8 _TS9 ,PS9 _V9 _AM9

_FGHD mVJM _FGMM ,FGPO eFGPM •
_NGT mFART _FG •FN .SF'C
_A32DS•A38 .AM38 _V38 .T38 .

_PS38 .T3q tH39 .P39 eTS39
_BPR|NT_MG37 _CVOMNGmFGM_NG.FGPk_IGe

.PS39 tFFOVFN_FCOVFN•FMNOFN_FNOVFDm

.H22 ,$22 ,TSO ,P50 ,HSO

1550 ,HA22 tZI ,PCN[ ,CN] v PRI ,ETA[ ,MAC]

2TFFIP eCNIP tETATIPeDHTCIPtOHT[ ,BLIP ePCBLIP,PCNIGU•

3ZIDS _PCNIDS_PR]OS ,ETAIOS•MA]OS _PRICF ,ETAICF,MATCF e
_TFIPDS•CN[POS_ET|POSeTFIPCFtCN]PCFeETIPCF•OHIPCFeMAICDS•
5WA| •PCBL! ,8L[ ,T22DS _MA21 ,MG50 •FAR50 eA24
bAH23 ,DUMSPL,FXFN2.M_FXM2CP_AFTFAN,PUNT ,PCBLID_PbOSAV•

7AM6DSV•ETAASV•FARTSV.T4PBL .T41 .FAN .IS POOL

DIMENSION Z1(63)_Z2(6B),Z3[lO),Z4(621
EQUIVALENCE (ZlmTI)_(Z2mXPI),(Z3_XT55)•(Z4mXFAR55|
[OES=O

JDES=O
INIT=O

I OBURN=O
[AFTBN=O

IDSHOC=3
IMSHOC=3
NOZFLT-O

T2Q=T2
P2Q=P2

T6Q=T4
DO 1 I=1•63

Zll[)=O.

DO 2 1=1,68
Z2ll)=O.

00 3 I=ltlQ
Z3( I )=0.

DO 4 1=1,62
Z4(I)=O.

T2=T2Q
PZIPZQ
T4=T4Q
CALL SYG (1)

RETURN
ENO

15
16
17

18
19

20
21
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23
2'_

25
26

27
28

2q
30
31

32
33
34

35
36

37

38
39

40
41

42
_3

45
_5

_7

48
49
50

51

52
53

54
55
56

57
58

59
60

61

62
63

64
65

66
67
68
69

70
71

72
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75

76

77
78
79
80
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82
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84
85
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$ZBFTC BLKCMP
C THIS IS GENERALIZED COMP. MAP FOR UNREALISTIC SUPERSONIC ENGINE

BLOCK DATA

COMMON / COMP/CNI 15)_PR(L5mI5)mWAC|IStI5),ETA(15,15),NtNP(151
DATA NpNPIIOt2*6,2*B,4*LO,2*Bm5_OI
DATA CN/.562,*bT4,.TB7t*Bqq, Le,loO36tl*ObT,LoL24,1.236,1*292,5*O*I

DATA (PR( LmJlmNAC( I,J),ETA( ltJ),J=|t 6)/
1 1.00000, 51.0D0, 0*59082, 1.84000, 50. 200m

2 2*42800, 49-500, 0*64242, 2. 86900t 48.800,
3 3.83500, 46.700, 0.67338, 4.54900, 44.500,

DATA (PR( 2tJ),HAC( 2mJ|,ETA( 2*J)mJ=l* 6)/

1 l*O0000m 59.300, O* 59082, 1.96600, 59,300,
2 3. 09300, 58.800, 0.69402, 3.93300, 57*900,
3 4.68900t 56*700, 0.74562, 5- 52900m 55*000,

DATA (PR( 3mJ),NAC( 3,JI,ETA( 3,J)tJ=lt 8)/
1 1.00000, 70*O00t 0.58566, I* 84000, 70.000,

2 2*68000, 70*000, 0.68370, 3*40800, 69*500,
3 4.52100, 68*800, 0.77744, 5.64500, 67*900,
4 6. 31300, 66.400, O. 7774_m 6. $2300, 65*700,

DATA (PR( 4,J),NAC( 4, J)jETA( 4,J),JuL, 8)/
1 1-00000, 84*800, 0.58050, 2. 00800, 84. 800,

2 3.42900, 84.800, 0.72498, 4.60500, 84*800,

3 5.69700, 84.000, 0.80840, 6.61400, 83.300,
_. 7.53800, 81-700, 0.80840, 7*95800, 80*500,

DATA (PR( 5tJ),t4AC( 5,J),ETA( 5,J),J=lmlO)/
1 1.00000, 101.700, 0.57190, 2.51700, 101,700,
2 3.98200, 101.700, 0*724?8, 5.27700, 101-700,

3 6.48800, 101-200, 0.80840, 7-20200, 101-000,
4 B. O0000t 100*000, 0.86000, 8. S6700, 99.500t

5 9.38600, 98.100, 0.80840, 9.59600, 97.400,
DATA (PRI 6,J),MAC( b,J),ETA( beJ)mJ'lmlO)/

1 1.00000, 108. lOOt 0.57018, 2.85500, 108- 100,

2 4.29700, 108-100, 0*T2498, 5.61300, 108- lOOm
3 6.93600, 107-600m 0.80840, 7.62200, 107* LOOt

4 8.54600t LOb,TOOm 0,86000, 9.13400, LOb*OOOt

5 9.92500, 104-500m 0.80840m 10,21900, 104*0001
DATA (PR| 7,J),_ACI 7,J),ETA( 7,J)mJ='L,lO)/

1 1*00000, 114.500, 0.55986j 3-26100, 114.500,

2 4.75900, 114.500, 0.72498, 6.11700, 114.500.

3 7.45400, 114.500, 0.80840, 8.30800, 114.300,
4 9*21800, 113-600, 0*86968, 9*63800, 113-300,
5 10.51300, 112-600, 0.80840, 10.99600, 112.400,

DATA IPR( 8,JImWACI 8,J),ETA( 8tJ)mJ'l,lO)/

1 1-00000, 122.900, 0,53922, 1.68600, 122.900,
2 3.84900, LZZ*900m 0.64242, 5.46600, L22.000,

3 6*86600m 122.900, 0.777_, 8.37100, 122.900e
4 8.96600, 122.600, 0.82388, 9.88300, 122.100,

5 10.91200, 121.700, 0,80840, 11.81500, 120*700m
DATA (PRI 9,J),NAC( 9,J)tETA( 9*J)mJ'l* 8)/

1 1*ODD00, 139-800, 0.47644, 4*35300, 139.800t

2 7.62200, 139,800, 0.72498, 10.21900, 139.800,
3 11.05900, 139*800, 0.78260* 11-89900, 139-500t

4 13.15900, 139-300, 0*72498, 13.65600, 139.000t
DATA (PR(IO,JI,WAC(IO.J|tETAIIO*J),J=I_ 8)1

1 1.00000, 146.200, 0.46612, 3.76500, 146.200t

2 6-48100, 146,200_ 0.642_., 9.17600, 146.200,
3 10.21900, 146.200t 0.75078. 11.47900, 166-200,

4 12.71100, 146.200, 0.72498, 14.41200, 146.200.
END

0,62178,
0.65274,
0,64242/

0.64242,
0,72498,
0.72498/

0,64242,

0.72498,

0.79292,
0,76970/

0.64242,
0.77744t

0.82904,
0.79292/

0,64242,
0.77744,

0.83936,
0.83936,
0.80582/

0.64242,

0.77744,
0.83936m

O. 83936,
O. 80410/

O. 64242,
0.77744,

0.83936,
0.83936,
0.79808/

O. 57018,

O. 72498.
O. 80840,
O. 83936t
0°77744/

0.60114,
0.77744,
0.77744,
0.69918/

0.57018,

Og 72498,
O. 75078 m
O- 64242 /

1
2

3
4

5
6
7
8

q

10
11

12
13

14
15
16

17
18
19

20

21
22

23
24
25

26
27

28
29
3O

31
32

33

34
35

36
37
38

3_
40

41
42
43

44
45
46

47
48

49
50
5L

52
53

54
55
56

57

58

SlBFTC BLKFAN
C THIS IS A GENERALIZED FAN MAP FOR UNREALISTIC SUPERSONIC ENGINE

BLOCK DATA
COMMON / FAN/CNIIS),PRIIStLSItNACIIStIS),ETA(15*I5)mN*NP(15)

DATA N,NP/lO,6,3_7*5_lO*8*5_O/
DATA CNIO.3,0.4tO*5,O.btO.TeO.8,O-9,1*O*1*l,l*2*5_O-I

DATA (PR( lmJ)*WAC! ItJ),ETA( ltJ)tJ=l, 61/
1 1.OOOOO, 243.600, 0*75592, 1.01200, 229.800, 0.76120,

93



2 |.02800, 199.800, 0.75648, 1.03840, 166.800,

3 1.04480, 133.200, 0-72512, I. C4800, 86. 400,

DATA (PR( 2,J),WAC( 2,J),ETA( 2,J),J=I, 7)/

I 1.00090, 286.800, 0.75592, 1.02000, 270.000,

2 1.04000, 253.200, 0.79200, 1.05840, 233. 400,

3 1.07529, 209.400, 9.89256, 1.09200, 183o600,

4 I. 10000, |56.6C0, O. 74908/

DATA (PR( 3,J),WAC( 3,JI,ETA( 3,Jl,J=l, 7)I

1 1.00990, 333.600, 0.75064, 1. 02560, 322.800,

2 1.05120, 310.200, 0°80256, I. C8000, 29l. 600,

3 1.11600, 259.800, 0.84392, I. 13200, 24C. OOO,

4 I. 14800, 2L3.600, O. 776L6/

DATA (PR[ 4,JI,WAC( 4, J),ETA( 4,J},J=l, 71/

I l. O0000, 383.4_0, O. 74536, 1. 03680, 376. 200,

2 1.08800, 358.2C0, O. 82808, 1.12400, 340. 200,

3 1.[6000, 313.200, 0.88000, 1.18960, 276.600,

4 1.19520, 266.40% 0.80784/

DATA (PR[ 5,J),WAT( 5,J),ETA{ 5,J|,J=[,10|/

I l-OOOO0, 439.800, 0.72512, 1.06400, 436.800,

2 1.11840, 428.400, 0.82808, I. 14800, 420.600,

3 1-18400, 406.800, 0.88000, 1.20960, 396-600,

4 1.21760, 388.200, 0°90376, I. 22400, 383. 400,

5 1-24490, 368.400, 0.88000, 1.26720, 342. bOO,

DATA (PR( 6,J),WAC( 6, J),ETA( 6,Jl,3=1,1.01/

I 1o00000, 499.800, 0.68816, I- I0000, 499. 800,

2 I. 16000, 493.200, 0.82808, I. 20000, 485.400,

3 [.ZZBOO, 476.400, 0.88000, 1.25520, 466.800,

4 1.27200, 456.6 CO, 0.91080, 1.28640, 448.230,

5 I. 30240, 433.200, 0-88000, 1.33200, 406.800,

DATA (PP,| 7,J),WAC| 7,J),ETA( 7,J),J=l,lO)/

I 1.90009, 566.400, 0.64152, 1.97600, 566.409,

2 1-15200, 566.400, O. 77616, 1.21920, 559. 800,

3 1.26000, 553.2C0, 0.85888, I. 28960, 544° 800,

4 1-33[ZO, 528.600, 0.90112, 1.36169, 509.400,

5 1.39120, 483.600, 0.82808, 1.40000, 474. 009,

DATA (PR! 8,J),WAC| 8,J),ETA[ 8,J),J=l,lO)/

1 1.30990, 633.6C0, 0.60016, 1 • 04400, 633. 600,

2 1.13520, 633.600, 0.72512, 1.22080, 633.000,

3 I. 29440, 625.800, 0.82808, 1- 34000, 616. 809,

4 1.40000, 600.000, 0.88000, 1.42800, 586. 800,

5 1.44800, 576.600, 0.82808, 1.48000, 553. ZOO,

DATA (PR{ 9,J),WAC( 9, J),ETA( 9,J),J=l,lO)/

1 I. O000O, 700.200, O. 56936, I. I0400, 700.200,

2 [.22000, 700.200, 0.72512, 1.32400, 700.200,

3 1.40990, 700.200, O. 80256, 1.44800, 698.400,

4 1.50000, 603.600, 0.80256, 1. 53160, 683° 400,

5 1.56800, 666.600, O. 74536, l. 58400, 656. 400,

DATA {PP(IO,JI,WAC|IO,J),ETA(IO,JI,J=[, 8)/

[ 1.00000, 750.0C0, 0.51744, 1-16320, 750.000,

2 1.31290, 750.000, 0.72512, 1.40000, 750.000,

] 1.48000, 750.000, 0.76120, 1.54000, 750. 000,

4 1.58900, 749.400, 9-72512, 1.66000, 736.800,

END
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$1BFTC 8LKINT

C THIS IS A GENERALIZED FAN MAP FOR UNREALISTIC SUPERSONIC ENGINE

8tDCK DATA

COMMON / INT / CN(151,PR(IS,15),WAC(15,15),ETA(15, IS),N,NP(15)

DATA N,NP/lO,6,3*7,5*lO,8,5_O/

DATA CN/O.3,O.4,0o5,0o6,O.7,0.8,0.g,I.0,1.1,1.Z,S=O./

DATA (PR( [,J),WAC( I,JI,ETA( i,J),J=l, 611

1 !. OOO00, 121.800, 0.75592, 1.C1800, 114.900, O- 76120,

2 £.04200, 99.900, 0.76648, 1.05760) 83.400, 0.75592,

3 1.06720, 66.603, O. 72512, 1.07200, 43°200, 0.64152/

DArA (P_( 2,J},WAC[ Z,JI,ETAI 2,Jl,J=1, 7)1

i 1.00000, t43.400, _. 7559Z, 1.03000, 135.000, O. 77616,

2 1-06000, 126.600, 0-79200, I. e8760, I16.700, o. 79728,

3 1.I1280, I74.700, 0. 80256, I. 13800, 91.800, 0.77616,

4 I.i5000, 78.300, . 9.740081
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DATA |PR( 3,J),WAC( 3, JI,E'TA( 3,J)iJz|, 7)/
1 l. OOOOO, 166.800, 0.75064, 1,,03840, 16 1,,,_K)O, 0-77616,

2 1.07680, 155o100, 0.80256, le 12000e 145° 800, 0°82808,
3 1.17ADO, 129.900, 0.84392, 1° 19800e 120.000, O° 82808,

4 1.22200, 106.800, 0.77616/
DATA (PR( 4,JI,NAC( 6,J),ETA{ 4,JleJ=l, 7)1

1 1.00000, 191°700e 0.76536, 1.05520, 188-100, 0,77616,
2 1. 132008 179°100, O. 82808 B 1° 18600, 170° 100, O- 85468 t

3 1°24000e 156.600, 0.88000, 1.28_.40, 138.300, 0-82808,
4 1.29280, 133-200, 0.80786/

DATA (PR( 5,J),NAC( 5,J),ETA( 5,J)eJ=l,lO)l
1 I.O0000, Z19.900, 0.72512, 1. 09600, 218-400, 0°77616,
2 1-17760, 214o200, O. 82808 p 1.22200, 210.300, O° 85648,

3 1.27600, 203°600, 0°88000, 1° 31440, 196.800, 0.90112,
4 1.32660, 194°100, 0.90376, 1.33600, 191.700, 0-90112 e

5 1-36600, 186.200f 0.88000, 1.40080, 171.300, 0,.,82808/
DATA (PR( 6,J),MAC( 6,J)eETA( 6,Jl,J=l,lO)/

1 loOOO00e 269.900, 0.68816, 1.15000, 249.900, 0.77616,

2 1.24000, 266°600, 0.82808, 1o30000, 242°700, 0.854481
3 1.36200, 238.200e 0-88000, 1.38280, 233.400, 0-90112,
4 1.40800, 228o300, 0.91080, 1.42960, 224° 100, 0.90112,

5 1o45360, 216.600, 0.88000, 1.49800, 203.400, 0.82720/
DATA (PR( 7,J)eMAC( 7,J),ETA( 7,J)eJ=l,lO)/

1 l°O0000, 283.200, 0.66152, 1° 11400, 283.200, 0.725121
2 1.22800, 283°200, 0.77616, 1.32880, 279.900, O. 82808,

3 1.39000, 276.600, 0.85888, 1°43440, 272°600, 0.88000,
4 1o69680, 264.300, 0°90112, 1.56240, 254.700, 0-880D0,

5 1o58680, 261.800, 0.82808, 1°60000, 237°000, 0o817521
OATA (PR( 8,J),MAC( 8,J)eETAI 8, J)eJ=l,lO)/

1 1.00000, 316°800, 0.60016, 1.06600, 316.800, 0°64152,

2 1.20280, 316*800, 0.72512, 1o33120, 316.500, 0.77616,
3 1.46160, 312.900_ 0.82808, 1,,51000, 308,,400, 0.85888,

4. 1°60000, 300.000, 0.88000, 1.64200, 293.400, 0.85888,

5 1.67200, 288-300, 0.82808, 1.72000, 276.600, 0.78672/
DATA (PR( 9,J),MAC( 9,J),ETA( 9,JleJ=l,lO)/

1 1.00000, 350.1C0, 0.56936, 1.15600, 350° 100, 0.66152,

2 1.33000, 350.100, 0.72512 i 1o48600, 350.100, 0.77616,
3 1-60000, 350.100, 0°802561 1- 67200, 349. 200t 0.80784,

4 1.75000, 366.800, 0.80256, 1.80040, 341.700, 0.77616,
5 1.85200, 333°300, 0.76536, 1.87600, 328.200, 0.72512/

DATA (PRilO,J),WACIIO, JI,ETAIIO, J),J=I* 8)/

1 1. 00000, 375.000, 0.51744, 1° 24480, 375.000, O* b_152,
2 1.66800, 375.000, 0.72512, 1° 60000, 375.000# O° 75592,

3 1.720001 375.000. O. 76120, 1.81000, 375.000, 0.75066,

6 1-87000, 376.=700, O° 72512, 1. 99000, 368° 400, 0.64152/

END
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$1BFTC CHBDT
BLOCK DATA

COHMON I CDHBIP$1115),OELTIL5,lSI,ETA(15,151,N,NP(15)

DATA NeNP / 15,15"15 /
DATA PSI!4.9116,9°8232,14°735,19.646124.558,29*670,34-381,

139.293,4.6.207,73,, 676_ 100° ,200. e300., 400. ,500./

DATA DELT/15_200.,15*300.,15*400. e15*500.,LS_600.,15*700.115_800-*
115"900-, 15"1000., 15"1100., 15" 1200o ,15"1300., 15"1400., 15.1500.,
215"1600.1

DATA ETA/

1- bOOr. 758,
2. 726, • 825,

3.777, .858,
6. 806,. 875,
5.826, .888,

6. 843, .898,

7- 855,°906,
8.865, .912,
9o 870,.914,

Ae870, • 915,
8. 870,.915,
C- 870, .915,

.868,Q925, o960e.988,9*l.00,

.893,.936,.966,.991,9_1°00_

.911,.946,.972,°992,9_1.00,

.925,°955,.977,-996,9*1.001
°935,.933, e982,.995,9"1°00,

.942,.969,.985e.997,9_1.00,

.967,.976,°900,.998,9"1°00,

*951eo977ee992,.999,9*l.00,
.953,_978,°993t°999,.999,811o00,

°953,e979,e995,e999,.999,8*l.OO,
e953,°979,.995t.999,°999*8*1°00*
.953,.979,o995,_999,.999,8"1.00.
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0o870,.915_.953,.979,.995,.999e.999,8_1.00_

E.870,eqls, e9531.gTgto995te999jo999t8_l-00,
F.8TOt.qlSe.953e.979,.qqst.999e.999eB_1.O0/

END
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$[8FTC HPTDAT

BLOCK DATA

COMMON / HTURB/TFFI15),CNI15t

DATA N_NP/10,9*15_12pS*O/
DATA TFF / 39.670, 42.990, 47.660,

1 69.600, §O.OOO, 50e625, 50.920,

DATA (CN( leJ),OH( ItJ)tETA( leJ)_O_L,15)I

15)fDHIIS_IS)tETAIISel5),NeNP(15)

68.610, 69.175,

51-575e 5"0.1

1 0.1872o 0.0032, 0o6219, 0.3372, 0-0057t 0.7078,
2 0.5156, O.O086t 0.7868, 0.7128, 0.0108, 0.8090,

3 0.9382, 0.01331 0-8090t 1.1662t 0.0152_ 0.7963,
6 1.3138_ 0.0166, OeTTTg, 1.5382, 0.017% 0.7622,

5 1.7266, 0.0179t 0.7078t 1.9326, O.OlTbt 0.7635,
6 2.1500, 0.0167t 0o6068t 2.6058, 0o0166, 0.5309,

T 2.5892, 0.0120r 0e6773, 2.7862, 0.0082, 0.6065,
8 2.9660, 0.0036, 0.3036/

DATA (CN( 2tJ),DH( 2,J)eETA( 2,J)tJ=1t15)/
1 0.1872t 0.0038, 0o6068e 0.39621 0.0080, 0-70T8t
2 0.5816_ 0.0113, 0.8090, 0.7128, 0.0136, 0.8292,

3 0.8662, 0.0156t 0Q8363, 0.9806, 0.0176, 0.8393,
4 1.1068, 0.0192, 0.8368, 1o2756, 0.0212, 0.8302,
5 1o6650, 0.0228, 0.8256, 1.7068, 0.0268, 0.8090_

6 1.9696, 0.0260, 0.7696e 2.2706, 0.0261, O.TOT8,
7 2.6970, 0.0261, 0.6068, 3.0960, 0.0188, 0.5056,

8 3.3776, 0o0128, 0.6197/
DATA (CN( 3tJ)tDH( 3,J),ETA( 3,J)_J=l,15)/

1 0.1872, 0.00661 0e5766, Oe6362t 0.0100, 0.7078,
2 0.6568, 0.0166, 0.8090t 0.8726, 0.0186, 0.8696,
3 1.0696e 0o0216t 0.85_3t 1.2382t 0.0260o 0-8515,

6 1.4638, 0.0268, 0o84961 lo6882, 0°0292t 0.8609_

5 1.9696, 0.0316, 0.8262, 2.2138_ 0.03311 0.8090,
6 2.5§20, 0.0366, 0.7579, 2.8050, 0.0366, 0.7078,
T 3.0392, 0.0360, 0.6652, 3.2668t 0.0326, 0.6068,

8 3.3776, 0.0312, 0.$865/
DATA (CN( 6eJ),DH( 6,J)eETAt 6,J),Js1,15)/

1 0.1872, 0.0052, 0.5663, 0e2550, O.OObB, O.60b8e

2 0.6786, 0-0120t 0-7078t 0.6962, 0,0166, 0-8090,
3 0.9168, 0.0206, 0.8496, 1-1462e 0°026_t 0.8596,

6 1.3882, 0.0280, 0.8596, 1.5618, 0°030% 0-8575e
5 1.8010, 0.0336, 0°8535, 1°9796o 0.0356, 0°8696t

6 2°2796, 0.0388, 0.8363p 2.5138, 0,0612, 0°8262,

7 2.8336e 0.0661_ 0o8090o 3.1622, 0.0672_ O.7TqTp
8 3°377% 0.0696, 0.7586/

DATA ICN( 5,J),DH( 5,J),ETAL 5,J)_J=l,15)/

1 0.1872, 0.0056, 0.5562, 0.30DOe 0.0088e 0.6068t
2 0.5256, 0.0166t 0.7078, 0.7500, 0o0192, 0°8090,
3 0.9756, 0.0236, 0.8696_ 1.2756t 0.0288, 0.8697,
6 1.6826, 0.0321, 0.8696, 1.7638_ 0.0360e 0,8662,

5 2°0650, 0.0600, 0o8615t 2.33628 0.066% 0.8555,

6 2.6650t 0.0696_ 0o8520t 2.8706_ O.OS4eOe 0.8696_
7 3.0766, 0.0596t 0.8696, 3.1520, OoOA6Ot 0-8532,
8 3.1618, 0-0661, 0.8570/

DATA (CH( 6,_),OH( 6tJ)_ETA( 6,J),O=l,15)/

1 0.1872, 0.0068t 0.5309, 0.3568_ 0.0120_ 0.6068_

2 0o6196, 0.0192t 0.7078_ 0.8628_ 0.0252_ O°8090t
3 1°0932e 0.0300t 0.8696_ 1.2852t 0.0360_ 0.8697,

6 l. SOlO_ 0.0386, 0.8819t 1.6882e 0.0621, 0.8899,
5 1.9138_ 0.0672, 0+8960e 2.1266, 0.0526_ 0.8969,

6 2.2706, 0.0566, 0e8975_ 2.622bt 0.0612, 0-8976,
7 2.6950, 0.0660, 0.8908, 2.5372, 0.0668, 0.8937,

8 2._558e 0.0698t 0°8896/
DATA {CN{ T,O),DH( 7_J|,ETA{ TeO|_=l_lSI/

1 0.1872, 0-0080_ 0.5062, 0.6316, 0.0166, 0.6068,

2 0.6866, 0.023b_ 0-70T8e 0.9568_ 0.0308, 0°8090,
3 1.2010, 0.0372, 0.8696, 1-3836t 0,0616_ 0.8697,
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4 [.5[08. OeO&48e 0*8797, 1.6186, 0o0676, 0-8899,

5 1.7650. 0.0510, 0*8956, 1.8618, 0.0546. OeqOOOm
6 1-9558, 0.0576, 0.9010. 2.0000. 0.0600, 0.9000,

7 2.0650, 0.0626, 0.8980, 2.0826, 0.0660, 0.8925,
8 2.1010, 0.0700e 0.8793/

DATA (CN( 8tJItDH( 8.J),ETA( 8,J),J_lo15)/
1 0-1872, 0*0088e 0-5051t 0.6836. 0.0196, 0.6068.

2 0.7314, 0.0272, 0.7078. 0.8814. 0.0316. 0.7665.
3 1-0226e 0.0356, 0.8090e 1.16621 0.0392, 0*8292,
6 1.2806, 0.0432, 0.8696, 1.3696, 0.0660, 0.8596.

5 1.6638. 0.0_88, 0.8697, 1.5950, 0.0528, 0.8808.
6 1.6766, 0.0560, 0*8868. 1.7650, 0.0596, 0.8868.
7 1.8010, 0.0660, 0.8788t 1*8156, 0.0666, 0.8697,

8 1.8196, 0.0693, 0*85901

DATA (CN( 9.J),DH( 9,JI,ETA( 9tJ),J=lt15)/
1 0.1872, 0.0093, 0.6909, 0.3372, 0.0159. 0.5380.

2 0.5366, 0-0232. 0-6068t 0.6756. 0.0286, 0.6573.
3 0.8068, 0.0330, 0.7078, 0.9196, 0.0368. 0.7663.
6 1.0128, O.O_OO, 0.7776, 1.1254, 0.0_2, 0.8090.

5 1.2196, 0.0480. 0.8191, 1.3138, 0.052&, 0.8302,
6 1.3696, 0.0556t 0.8347, 1.6068, 0.0580. 0.8363.
7 1.4650, 0.0612, 0.8322, 1.4638. O.Ob_O, 0.8261,

8 1.6676. 0-0668, 0-8090/
DATA |CN(lOtJ),OH(lO.J).ETA(lO,J).J'l,12)/

1 0-1872, 0.0132, 0.6257, 0.2816, 0.0180, 0.6767,

2 0.3804, 0.0228, 0.5056, 0.6686, 0.0268, 0.5359,

3 0-5628. 0.0316, 0*5683, 0.6382, 0.0352, 0.5961,
6 0.6892, 0.0380, 0*6068, 0.7362, 0.0612. 0.6178.

5 0.7696. 0-0640. 0-6240. 0,8068, 0.0676. 0.6310.
6 0.8256, 0.0506. 0.6265, 0_8306, 0.0530, 0.6118/

END
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$IBFTC IPTDAT

BLOCK DATA
COMMON / |TUR8

DATA N.NPIlle9_15.12.9.4_O/
/ TFF(15)eCNI15,15)eDH(15,15).ETAI15,15)eNeNPI15)

DATA TFF / 70.776. 82.236. 93.468, 103.6&Te

1 116.580, 120.000, 122.676, 125.126, 127.826,

DATA (CN| ltJ)tDH( leJ),ETA| 1,J).J=l,15)/
1 0.3522, 0.0016. 0.7120, 0.5106, 0.0023,
2 0.7046. 0-0031. 0.7672, 0.9330, 0.0038,
3 1.1618, 0.0065. 0.7160. 1.3556. 0.0049,

4 1.5697. 0.0052. 0.6850. 1.6905. 0.0056.
5 1.9367, 0.0055, 0.6452, 2.1835. 0.0056,

6 2,3593. 0.0051. 0.6000. 2.5001, 0.0047.
7 2-6961. 0-0038, 0.5310, 2.8175, 0.0031.
8 3.1698, O*OOOlt 0.3850/

DATA (CN( 2tJI,OH( 2,JI,ETA( 2tJ),J=lp15)/

1 0.3522, 0.0023, 0.8000, 0.5278, 0.0035,
2 O* 7575, 0.0067, 0.8200. 1.0208t 0.0061,
3 1.2322, O. 0070, 0.8300, 1.3818, 0.0076,

4. 1.6201, O. 008_, 0.8100. 1.8130. 0.0089.
5 1.9723, 0.0092, 0.7850t 2o1305, 0.0096,
6 2.2715, 0.0095, 0.7650, 2.5089, 0.0093.

7 2.7471. 0.0089, 0.6800, 2*9227. 0.0083,
8 3. 1698. 0.0068. O. 59001

DATA (CN( 3,J),DH( 3,J).ETA( 3,Jl,J_l,15)/
1 0-3522. 0.0027, 0.8000. 0.5656. O.O0_St
2 0.8279, 0.0063e 0.8600, 1.0296. 0.0076.

3 1.1975, 0.0087, 0.8670, 1.3730, 0.0098,
4 1.5697, 0.0107. 0.8720, 1.7609, 0.0118,

5 1.9367. 0e0126, 0*8700, 2.1679, 0.0134,
6 2°3245. 0.0139. 0.8600. 2.4827, 0.0162,

7 2.6583, 0.01_. 0.8300. 2.9227. 0.0167.
8 3.1698e 0-0145. 0.7600/

DATA ICN( 6,J).DH( 6,J),ETA( 4,J),J=lt15)/

1 0.3522, 0.0029, 0.7995. 0.6052, 0.0034,
2 0.6516, O. 0056, 0.8600. 0.8652. 0.0069,

3 1.0567, 0.0084, 0.8680. 1.2322. 0.0097,

112,836,

130.536,4"0./

0.7300,
0.7300,
0.7000,

0.6730,
0*6200,
0.5750.
0.5000,

0.8100.

0.8300,
0.8290.
0.8000,

0.7600,
0.7000,
0,6450.

0.8300,

0.8630,
0.8700,

0.8720.
0.8670.

0.8500.
0.8000.

0.8000.

0.8600,
0.8730.

5

6
T
8

g
10
11

12
13
14

15
16

17
18

19
20
21

22
23
24

25
26

27
28

29

30
31
32
33

34
35
36
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4 1.4634, O-UIII, 0.8800, 1.6722,

5 1o9560, 0-0160, 0°8835, 2-1131,
6 2.2715, 0-0153, 0°8800, 2.6915,

7 2.7471, 0.0168, 0.8600, 2.9931,
8 3.1698_ 0.0173_ 0.8200!

DATA (CN( 5tJlmDH( 5tJI,ETA( 5,Jl,J'1,15)/
1 0.35221 0.0031, 0.77501 0.48641

2 0,7044, 0°0062, 0.8480t 0°9330_

3 1.2322, 0.0105, 0°8750e 1.4967,
6 1e65681 0.0136, 0.8912, 1-8834_

5 2.0071, 0.0157, 0.8955, 2.16521
6 2.3274, 0.0178, 0.8961, 2.5531,
7 2.8175, 0°0199, 0.8790, 3e0461,
8 3.1698, 0.0210_ 0°8600/

DATA (CN( 6,JI,DH( 6,J)tETA( 6,J),Jsl, 15)/
1 0.3522, O. 0034, 0.7600, 0.5896,
2 0.8008, O. 007b, 0.8450, 1°0567,

3 1.2322, 0.0114, 0.8730, 1.46191

4 1.6722, O. OlSOe 0.8950. 1.8660,
5 2.1171, 0.0184, 0.9005, 2.3245,

0 2.5357e 0.0214, 0.9004e 2.7375,
7 3.0019. 0-0251, 0.8900, 3-1167,

8 3. 1698_ 0-0280, 0e8735/

DATA (CN( 7,J),DH( 7eJ),ETA( 71J),J_l,15)/
1 0.35221 0.0038, 0.7310, 0o7392t

2 0eq689, 0.0101_ 0.8300t 1.21091
3 1.4089, 0.0142, 0.8750, 1.6056e
4 1.7609, 0o0173, 0.8930, 1_93671

5 2°0948, 0.0207, 0.8999, 2.2000,
6 2e2889e 0.0233, 0*8980_ 2.3949,
7 2e4471, 0.0261, 0°8900, 2-5001,

8 2.5175, 0°0290, 0°8710/
DATA (CN( 8,J),DH( 8eJ),ETAI 8,J),J=1,15)/

1 0-3522, 0*0042, 0.7L00_ 0.5808,

2 0.7575, 0°0090, 0.7680, 0.9330,

3 1o1801, 0.0135, 0-8380, 1.3915,
4 1.5671, 0.0177e 0.8712, 1.7609,
5 1.8660, 0.0213, 0.8800, 1.9897,

6 2.0601, 0°0261, 0°87601 2.1131,
7 2.1652, 0.0263, 0.8660, 2.200?,

8 2.2048, 0.0283, 0.8480/
DATA (CN( 9,J),DH( qtJ|,ETA( 91JIsJ=l,15|/

1 0*3522, 0.0047, 0.6780, 0.5278,
2 0*6360, 0.0084, 0.7125, 0.7922,

3 0*9689, 0°0124, 0.7690e 1-1183,

6 1.1801, 0.0148, 0.8060, 1,3209,
5 1.4619, 0.0184, 0.8395, 1.5497,

6 1.6722, 0.0216, 0°8470e 1°7609,
7 1.8130, 0.0245, 0.8330, 1.8315,
8 1.8401, 0.0267, 0.8080/

DATA (CNIIO,J)_DH(lO,J),ETA(lO,J),Jsl,12|/
1 0*3522, 0.0056, 0*6380, 0°4574,

2 0.6167, 0°0092, 0.6700, 0°7218,
3 0*8279, 0.0123, 0.7000, 0°9330_
4 1.0567, 0.0159, 0°7180, 1.1493,

5 1.2148, 0.0191, 0.7170, 1.2505,
6 1.2786, 0.0214, 0.70001 1.2824,

DATA (CNIII,JI,DHIIL,JI,ETAIIl,JI,J=l, 911
1 0*3522, 0-0061, 0*6000, 0*4226,

2 0.5278, 0*0093, 0.6120, 0.6167,
3 0.7044, 0-0124, 0.6210, 0.7922,

6 0.8452, 0.0151, 0°6250, 0°8983,

5 0°9293, 0°01771 0.6009/
END

0.0124, 0.8830,
0.0146, 0.8830,
0.0161, 0°8740,

0.0172, 0.8350,

0.00_3, 0.8000,
0.0081, 0.8600,

0.0124, 0*8900,
0.0152, 0.8940,

0.01698 0°8970,
0,0189, 0°8900,
0°0207, 0.86T1,

0*0057, 0.8000,

0.0100, 0*8600,
0.0134, 0.8900,

0.0165, 0-9000,

0.0199, 0.9010,
0.0228, 0°9000,
0.0267, 0.8800,

0.0078, 0-8000,
0.0126, 0.8600,

0.0159, 0o8900,
0.0190, 0°8975,
0.0220, 0°9000,

0.0250, 0°8937,
0*0276, 0.8799,

0.0069, 0.7450,

0.0109, 0.8000,

0.0 156, 0*8600 t
0.0199, 0.8780,

0.0230, 0.87751
0.0251, 0-8722,
0.0276, 0.8600,

0.0070, 0.7000,
0,0104, 0,7350,

0.0141, 0.8000,

0.0166, 0.8225,
0.0196, 0.8450,
0°0232, 0.8_5,

0.0255, 0.8235,

0.0069, 0.6550,
0.0107, 0°6850,

0.0138, 0.7110,
0.0177, 0-7180,

0-0202, 0.7140,
0*02211 0°6890/

0.0075, 0.6000,

.0.0108, 0.6170,
0.0160, 0.6258,
0.0164, 0.6230,

37
38
39

40
6.1

42

43

45

66
67
48

49
5O

51
52
53

54

55
56

57
58

59
60

61
62
b3

64
65
66

67
68

69
70

71
72
73
76

75
76

77
78
79

8O

81
82

83
84
85
86

87
88

89
90

91
92
93

94
95

96

97
98
99

100

$IBFTC LPTDAT
BLOCK DATA

COMMON / LTURB/TFFI15),CN(15elS)eOHI15,15),ETA(15,15),N,NP(15)
O_T& N,NPIll,9*lS,L2_q,4_Of
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DATA TFF / 88°670, 102.795, 116.835, 129.330,

1 165. 725, 150.000, 153.365, 156.605, 159. 780,
DATA (CNi ltJItDH( 1,JI,ETA( l,Jl,J=l,[5ll

1 0.3682, 0.0018, 0.7120, 0.5336,
2 0.7365, 0.0035, 0.7472, 0.9756,

3 1. 2166, 0.0051, 0.7160, 1.6173,

6 1.6201, 0.0059, 0.6850, 1.7673,
5 2.0267, 0.0062, 0.6452, 2.2827,

6 2.6665, 0.0057, 0.6000, 2.6137,
7 2.8166, O. 0064, 0-5310, 2.9656,

8 3.3138, 0.0001, 0.3850/

0.0026,
0 -0 064,

0-0056,
0.0061,

0.0061,

0.0053,
0.0035,

0.0039,

0.0069,
0.0087,
0-0101,

0.0107,
0.0106,

0.0094,

0.0051,

0.0087,
0-0111,
0.0134,

0.0152,
0-0162,

0.0167,

0.0038,
0.0078,

0.0110,
0.0161,

0.0166,
0.0183,

0.0 195.

O.O0_ge
0.0092,

0.0161,
0.0172,

0.0192,
0.0214,

0.0235,

0.0064,

0.0113,
0.0152,

0.0187,
0.0226,
0.0259,

0.0303,

0-0089e

0.0141,
0.0181.

0.0216,
0.0250,

0.0284,
0.0316,

0.0078,
0.0124,
0.0177,

0,0226,

0-0261,
0.0285,

0.0314,

DATA (CN( 2,J),DH( 2,J),ETA( 2,Jl,J=l,15)/
1 0.3682, 0.0026, 0.8000, 0.5518,

2 0.7919, 0-0054. 0.8200, 1.0672,
3 1.2882, 0.0080, 0.8300, 1.644b,

6 1.6937, 0.0096, 0-8100, 1.8956,
5 2.0619, 0.0104, 0.7850, 2.2273,

6 2.3747, 0.0108, 0.7650, 2.6229,
7 2.8720, 0-0101, 0.6800, 3-0555,

8 3.3138, 0.0077, 0.5900/
DATA (CN( 3,J),OH( 3,JIeETA( 3,J),J=l,15)/

1 0.3682, 0.0031, 0-8000, 0.5911,

2 0.8655, 0.0071, 0.8600, 1,0764.
3 1.2519, 0.0099, 0.8670, 1.4356,

4 1.6201, 0-0122, 0-8720, 1.8609,
5 2.0247, 0.0143, 0.8700, 2.2655,

6 2-6302, 0.0157, 0.8600. 2.5956,
7 2.7791, 0.0166, 0.8300, 3.0555,
8 3,3138. 0.0164, 0.7600/

DATA (CN( 6tJ)IDH( 6,J),ETA( 6,Jl,J=l,15)/

1 0.3682, 0.0033, 0.7995e 0.6237,
2 0.6810, 0.0061, 0.8600, 0.8837e

3 1.1047, 0.0096, 0.8680, 1.2882,
6 1.5090, 0.0126, 0.8800. 1.7682,

5 2.0429, 0.0159, 0.8835, 2.2091,
6 2.3747, 0-0176, 0.8800, 2.6067,
7 2.8720, 0-0191, 0.8600, 3.1291,

8 3.3138, 0.0197, 0.8200/
DATA (CNI 5,J)eOHI 5,JI,ETA( 5,J),J=l,15)/

1 0.3682, 0.0036, 0.7750, 0.50651
2 0.7365, 0.0071, 0.8680, 0.9756,

3 1.2882, 0.0119, 0.8750, 1.5647,
4 1.7301, 0.0155, 0.8912, 1.9690,
5 2.0983, 0.0181, 0.8955, 2.2637,

6 2.6332, 0.0202, 0.8961, 2.6691,
7 2.9656, 0-0226, 0.8790, 3.1866,

8 3.3138, 0.0239, 0.8600/
DATA ICN( 6,J)tDH| 6,J),ETA( 6,J),J=l,15)/

1 0.3682, 0.0038, 0.7600, 0.6164,
2 0.8372, 0.0087. 0.8450, 1.1067,

3 1.2882, 0-0130, 0.8730, 1.5283,
6 L.7482, 0.0171, 0.8950, 1.9509,

5 2.2133, 0*0209. 0.9005, 2.6302,
6 2.6510, 0.0266, 0.9004, 2.8619,

7 3.1386e 0.0286, 0.8900. 3.2586,
8 3.3138, 0.0319, 0.8735/

DATA (CN( 7,J),DH( 7,J),ETA( 7,J),J=l,151/
1 0-3682, 0-00_, O- 7310, 0.7728,

2 1. 0129, 0*0115, 0.8300, 1.2659,

3 1.6729, 0.0162. 0.8750, 1.6785,
4 1.8409, 0-0197, 0.8930, 2*0267,

5 2.1901, 0-0235, 0.8999, 2.3000,
6 2.3929, 0.0265, 0.8980, 2.5038,
7 2.5583, 0.0296, 0.8900, 2.6137,
8 2.6319, 0.0329, 0.8710/

DATA (CN( 8,J),OH( 8,J),ETA( 8,J),J=le15)/
1 0.3682, 0.0068, 0.7100, 0.6072,

2 0.7919, 0-0102, 0.7680, 0.9756,
3 1.2337, 0.0153, 0.8380, 1.6548,

6 1.6383. 0.0201, 0.8712, 1.8609,
5 1.9509, 0.0262, 0.8800, 2.0801,

6 2.1537. 0.0274, 0.8760, 2.2091,
7 2.2637, 0.0299, 0.8660, 2.30091

8 2.3051, 0.0321, 0.8680/

 ooa QUALITY

161.065,

163.170,6"0./

0.7300.

0.73001
0.7000,
0-6730,

0-6200,
0.5750,
0.5000,

0.8100,
O.U3OO,
0.8290,

0.8000,
0.7600,

0.7000,
0-6650,

0-8300e

0.8630,

0.8700,
0.8720,

0.8670,
0.8500,
0.8000,

0.8000,
0.8600.

0.8730,
0.8830,

0.8830,
0.8740.
0.8350,

0.8000,

0,8600,
0.8900,

0.8960,
0.8970,

0.8900,
0.8671,

0.8000,
0.8600.

O. 8900,
0.9000,

0.9010,
0.9000.

0.8800,

0.8000,
0.8600,

0.8900,
0.8975,

0.9000,
0.8937.
0.8799,

0.7450#

0.8000,
0.8600,

0.8780,
0.8775,

0.8722,
0,8600,

8

9
10

11

12
13

16
15
16

17
18

19
20
21

22
23

26
25

26
27
28

29
30

31
32
33

36
35

36
37

38
39

40
41

62
_3

65
66
67

68

49
50
51
52

53
54
55

56
57

58
59

60
61

62
63

64
65

66
67
68
69

70
71

72
73

76
75

76
77

99



DATA (CN( 9)J),DH( 9,JI,ETA( 9)J),J=l,15)l
1 0.3682, 0°0054, 0.6780, 0.5518,
2 0.6629, 0.0096, 0.7125, 0.8282,

3 1.0129) 0.0141, 0°7690) 1.1691,

4 1.2337, 0.0169, 0.8060) 1.3809,

5 1.5283, 0.0209) 0.8395) 1.6201,
6 [.7482, 0.0244) 0.8470) 1.8409)
7 1.8954, 0.0279) 0.8330) 1.9147,

8 1.9237, 0.0303, 0.8080/

DATA (CN(IO,J),DH(IO,J),ETA(IO)J))J=IjI2)/

1 0.3682, 0.0061, 0.63809 0.4782)

2 0.6447) 0.3104, 0.6700) 0.7546,
3 0.8655) 0.0139, 0.7000) 0.9754,

4 1-1047, 0.0181, 0.7180, 1.2015,

5 1.2701, 0.0217, 3.7170, 1.3073,

6 1.3365, 0.0244, 0.7000, 1.3407)

DATA (CN(lljJI,OH[I1)J),ETA[II,J),J:I, 9)/

I ?.3682, 0.0069, 0-6000, 0.4418,

2 0.5518, 0.0106, 0.6120, 0.6447,

3 0.7365, 0.0141, 0.6210, 0.8282,

4 0.8837, 0.0172) 0.6250, 0.9391,
5 0.9715, 0.0201, 0.60091

END

0.0080,

0.0119,

0.0160,

0.0188,

0.0223,

0.0263,

0.0289,

0.0078,

0.0122,
0.0157,

0.0201,

0.9230,
0.0251,

0.0086,

0.0123,

0.0159,

0-0186,

0.7000,
0.7350,

0.8000,
0-8225,
0.8450,

0.8445,
0.8235,

0-6550,

3.6850,

0.7UO,

0.7180,

0.7140,

0.68901

0°6000,

0.6170,
0.6258,

0.6230,

78
79

80
81
82

83
84

85
86

87

88
89

90
91
92

93
94
95
96

97
98
99

100

100
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DYNGENSubroutine Functions and Their Descriptions

AFQUIR

ATMOS

BLKCMP

BLKFAN

BLKINT

CMBDT

COAFBN

COCOMB

COCOMP

CODUCT

COFAN

COHPTB

COINLT

COINTC

COIPTB

COLPTB

COM_

COMNOZ

CONDIV

general quadratic interpolation routine

1962 U.S. Standard Atmosphere Table

performance data for inner-compressor map (BLOCK DATA)

performance data for fan map (BLOCK DATA)

performance data for intermediate-compressor map (BLOCK DATA)

BLOCK DATA for combustor

performs afterburning calculations; may use either T7 or WFA as main

parameter

uses BLOCK DATA to perform combustor calculations; may use either T 4
or WFB as main parameter

uses BLOCK DATA to perform inner-compressor calculations

performs duct and ductburning calculations for turbofans; may use either

T24 or WFD as main parameter

uses BLOCK DATA to perform fan calculations

uses BLOCK DATA to perform inner-turbine calculations (not used in

engine configurations c and g)

determines ram recovery and performs inlet calculations

uses BLOCK DATA to perform intermediate-compressor calculations

uses BLOCK DATA to perform intermediate-turbine calculations (not used

in engine configurations b, e, and h)

uses BLOCK DATA to perform outer-turbine calculations

performs gas-mixing calculations if in mixed-flow mode; at design points,

calculates areas either from an input static pressure PS55 or from an

input Mach number AM55 if PS55=0; at off-design points, calculates

static pressures and Mach numbers from design areas; calculates

ERR (5); rescales pressure ratios for mixed-flow turbofans to match

duct and core static pressures just prior to mixing; also calculates

afterburner entrance area A6 as a function of afterburner entrance

Mach number AM6

performs main nozzle calculations

performs nozzle calculations for a convergent-divergent (C-D) nozzle
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CONOUT

CONVRG

DERIV

DISTRB

ENGBAL

ERROR

ETAAB

FASTBK

FCNTRL

FRTOSD

GEN2

GUESS

HPTDAT

INDUMY

IPTDAT

LPTDAT

MATR_

NOZCTR

OUTPUT

OVERFL

PARABO

controls and prints the controlled output variables

performs nozzle calculations for a convergent nozzle

computes time derivatives

user-written subroutine which provides transient inputs

main subroutine; controls all engine balancing loops; checks tolerances

and number of loops and loads matrix; calls PUTIN

controls all printouts if an error occurs; prints names of subroutine where

error occurred and also prints values of all variables in nmin commons

generalized afterburner performance BLOCK DATA as a function of fuel-

air ratio with correction factors for off-design afterburner entrance

pressure and Mach number

dummy routine to transfer values

user-written fuel control subroutine

dummy routine to transfer values

dummy main program to initiate calculations and cause input of controlled

output variables (Because of looping between subroutines, control is

never transferred back to this routine. )

determines initial values of independent variables at each point

performance data for inner-turbine map (BLOCK DATA)

makes intermediate compressor not change air conditions for engine con-

figurations e and h

performance data for intermediate-turbine map (BLOCK DATA)

performance data for outer-turbine map (BLOCK DATA)

solves error matrix

user-written nozzle control subroutine

prints output except for controlled output; prints main commons after

design point

IBM 7094 system routine for flagging overflows (User's system may have

similar routine with different name. This routine is called in ATMOS

as OVERFL(J), where if J=l there is overflow and if J=2 there is no

overflow. )

parabolic curve-fit routine
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PERF

PROCOM

P UTIN

RAM

RAM2

ROLL

SEARCH

SYG

THERMO

THCOMP

THTURB

WDUCTI

ZERO

calculates performance after engine is balanced

calculates thermodynamic gas properties for either air or a fuel-air mix-

ture based on JP-4

reads input data; controls loop on static pressures for mixed-flow turbofan

calculates ram recovery defined by MIL-E-5008B specifications

calculates special cases of input ram recovery as a function of flight Mach

number

saves past values of dynamic variables needed for calculating derivatives,
etc.

general table lookup and interpolation routine to obtain data from BLOCK

DATA subroutines

controls printing from UNIT08 (Throughout the program and particularly in

ENGBAL, certain messages, variables, and matrix values are written

on UNIT08 as an aid in determining why an error occurred or why a point

did not balance. These values are printed out if subroutine ERROR is

called and IDUMP is greater than zero, or after a good point if

IDUMP:2. )

provides thermodynamic conditions using PROCOM

performs isentropic calculations for compressors

performs isentropic calculations for turbines

performs third-stream (wing) duct calculations (notused in two-stream

engines)

zeros nearly all of common and certain controls

Example Case - Three-Spool Turbofan

In order to aid the user in understanding all that must be provided so that DYNGEN

can be used, a three-spool turbofan example case is shown. As indicated in table I, all

BLOCK DATA subroutines are needed for this engine configuration (a). The BLOCK

DATA for the engine simulated are listed on pages 93 to 100. Next, subroutines

DISTRB, FCNTRL, and NOZCTR must be written. For this example, an open-loop fuel

flow step is to be simulated. Subroutine DISTRB is written as follows:
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$I BFTC OISTRB

StJBROUT [NE DISTRB

COMMON /WORDS/ WORD

COMMON /OESI GN/

flOES tJDES ,KDES

2I OBUP, N, IAF TBK, [ DCO

3LOOPER, NOMAP ,NUMMAPt

COMMON /ALL[/

LPCNFGU_PCNCGU, T4GU ,

2ZFDS ,PCNFD StPRFDS

3ZCOS , PCNCD S,PRCDS ,

4T4DS ,WFBDS t DTCODS,

5TFHPDSt CNHPDSt ETHPDS

6TFLPDStCNL PD Sw ETL PDS,

7T24DS tWFDES ,DTDUDS,

8T7DS ,WFADS ,DTAFDS_

9A55 ,A25 ,A6 ,

$PS55 tAM55 ,CVDNOZ,

COMMON /ALL2/

IT[ tPI ,HI ,

2T21 ,oZ1 ,H21
3T4 _P4 ,H4

4T55 ,P55 ,H55

5CNF ,PRF ,ETAF

6CNC , PRC tETAC

,MODE

, IMCO

7CNHP _ ETATHP,OHTCHP t DHTC

8CNLP , ETATL P,DHTCLP, DHTF

9AM ,ALTP ,ETAR ,ZF

STFFHP ITFFLP ,PCBLF ,PCBLC

COMMON /ALL3/

,INIT , IDUMP ,IAMTP , IGASMXt

t IDSHOC_ IMSHOCtNOZFLT,ITRYS ,

MAPEDG, TOLALL, ERR(g)

DUMDI tDUMD2 ,CELFG ,DELFN ,DELSFC,

ETAFDS_WAFDS ,PRFCF tETAFCF,WAFCF ,

ETACCS_WACDS ,PRCCF tETACCF_WACCF t

ETABOS, WA3CDS t CPCODS tDTCOCF tETABCF

TFHP CF ,CNHPCF, ETHP CF ,OHHPCF, T2DS ,

TFLPCF,CNLPCF,ETLPCF_OHLPCFtT21DS ,

ETAD_S _WA23DS, DPDUDS _DTDUCFt ET_DCF

ETA ADS, WGOCDS t CPAF DS _DTAFCF, ETAACF,

A7 tAB ,A9 ,A28 _A29

CVMNOZtA8SAV tA9SAV ,A28SAV,A29SAV

SI _T2 , P2 _H2 _ $2

,S21 ,T3 _P3 _H3 iS3

,$4' ,T5 ,P5 ,H5 iS5

tS55 _BLF tBLC _BLDU tBL08 t

,WAFC _WAF tkA3 jWG4 _FA_ ,

_WACC ,WAC _ETAB ,DPCOM _OUMP

_BLHP _WG5 _FAR5 _CS

,BLLP ,WG55 _FAR55 ,HPEXT ,

PCNF , ZC ,PCNC , WFB

PCBLDU, PC BL OB tPCBLHP _ PC6LL P

_XPI _XWAF _XWAC

2XT2I tXP2I ,XH21

3T24 ,PZ4 ,H24

4TZ8 ,P28 _H28

5WAD ,WFD ,WG24

6TS28 _PS28 _V28
7XT55 ,XP55 ,XH55

8XWFB ,XWG55 _ XFAR55

9T6 ,P6 _H6

$T8 ,P8 _H8
COMMON /ALL41

,XBLF _XBLDU _XH3 _DUMSI _DUMS2

_XS21 _T23 _P23 _H23 _$23 ,

_$24 iT25 ,P25 _H25 _$25

_$28 ,T29 _P29 _H29 tS29 ,

,FAR2_ _ETAD _DPDUC ,BYPASS,DUMS3

_AM28 _TS29 _PS29 ,V29 ,AM29

_XS55 _XT25 _XP25 _XH25 _XS25 ,

,XWFD _ XWG24 , XFAR2_,XXPI ,DUMB

,SO ,T7 _P7 _H7 ,$7

,$8 _Tg ,P9 _H9 _sg

1WG6 ,WFA ,WG7 ,FAR? _ETAA , CPAFT ,V55 ,V25 ,

2PS6 _V6 tAM6 _TS7 ,PS7 ,V7 ,AM7 ,AM25 ,

3TS8 ,PS8 ,V8 ,AM8 ,TS9 _PSg _V9 ,AM9 ,

4VA _FRO _VJD _FGMD ,VJM ,FGMM ,FGPD ,FGPM ,

5FGM ,FGP ,WFT _WGT ,FART ,FG ,FN ,SFC ,

6WA32 ,DPWGDS_DPW ING _ WA32DS, A38 _AM38 ,V38 ,T38 ,

7H38 _P38 ,TS38 ,PS38 _T39 ,H39 _P39 ,TS3g ,

8V39 _AM39 ,A39 , BPR [NT, WG37 ,CVOW NG

gFNW ING, FNMA I N, FWOVFN, PS39 ,FFOVFN_ FC OVFN

SVJW ,T22 _P22 _H22 ,$22 ,TSO

COMMON /ALLS/

ISSO _WA22 _ZI ,PCNI ,CNI ,PRI

2TFFIP ,CNIP , ETATIP,DHTC IP,DHTI _BLIP

3ZIDS _PCNIDS,PRIDS ,ETAICS,WAIDS ,PRICF

4TF IPDS,CN I PDS, ET IPDS,TF I PCF,CNIPCF, ET IPCF

5WAI _PCBLI ,BLI ,T22DS ,WA21 _WGSO

6AM23 ,DUMSPL,FXFNZM,FXM2CPtAFTFAN, PUNT

7AMODSV, ETAASV,FAR7SV, T_PBL ,T_I ,FAN

OI_IGI_A-t' t,A.G_, IS

,FGMWNG, FGPWNG,

_FMNOF N_ FNOV FD,

,P50 ,H50

,ETAI _WACI ,

,PCB LI P, PCNI GU,

,ETAICF_WAICF ,

,DH[ PCF, WA ICDS,

_FARSO _A24 ,

PCBL I D, PODSAV

[ SPOOL
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COMMON /DYN/ ITRAN, TIMEIOT_TFtJTRAN,NSTEP,TPRINT_DTPRNT

COMMON /RP._S/ XNHPOS_XNIPBS_XNLPOS_ PM|HP_ PMIIPt PMILP
WFIS= ].,858

RETURN

END

Shown in subroutine DISTRB are COMMON blocks ALL1, ALL2, ALL3, ALL4,

ALL5, DYN, and RPMS. All these COMMON blocks can be used to transfer information

to DYNGEN. COMMON block WORDS can be used to transfer the subroutine name to

subroutine ERROR if an error occurs. COMMON block DESIGN transfers program in-

dices (table III) into DYNGEN if a change is required as a transient is run. An example

of this will be shown later. COMMON blocks ALL1 to ALL5 transfer time-varying

variables into DYNGEN as discussed earlier. COMMON blocks DYN and RPMS trans-

fer data about the transient solution to be run (table V). All these COMMON blocks are

shown here for illustration purposes although in this example only fuel flow is changed;

thus, only COMMON block ALL2 is needed.

Since this example is an open-loop fuel flow step, the fuel control (FCNTRL) and

main nozzle control (NOZTR) subroutines are not used. However, they must be written

as shown here since they will be called by DYNGEN when it is running in the transient

mode.

$I _FTC FCNTRI

SUBROUTINE FCNTRL

RETURN

END

$18FTC NCZC TR

SUBROUTINE N£ZC TR

RETURN

END

Next, the NAMELIST input is shown. The first case in DYNGEN, as in GENENG,

must always be a design case (thus, IDES=l). All design inputs are shown; their ex-

planation is found in tables II and III. The last four lines of the NAMELIST input contain

the data that must be added to provide information to DYNGEN for transient capability.
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(These variables are explained in table V. ) Note also that SI=.TRUE. ; thus, the output
will be in SIunits. The user must be careful here if hespecifies SI units to beused.
Since DYNGENdoes most of its calculations in SI units if this system of units is speci-
fied, the NAMELIST data must also be in SI units. The BLOCK DATA for the compo-
nents, however, can be in either set of units since the maps are scaled by DYNGEN;
however, if the BLOCK DATA are in English units and the simulation is run in SI units
(or conversely) the correction factors for the weight flows may be quite large.

$DATAIN AM-O.O,ALTP=O.O, IAFTBN=OelDBURN"OtAM23=,LB.AM55-.238e/
NOZFLT=OpIDUMP=leIDCD=OeIMCD=OeIGASMX=OpMODE=OpTOLALLueOIOeITRYS=_OOeIDES=Le/

FXFN2M=eFALSE. 0FXM2CP=eFALSE. tAFTFAN=eFALSEeeDUMSPLu.FALSEeePRFOS=Ie4t/
ETAFDS=°BB_WAFCDS=280eETOTePCNFDS=lOO°OtPCBLF=OeOePRIDS'Lo§71tWAICDS'l_O°8el

ETAIDS=.BTvPCNLDS=LOOeOePCBLID=eSeETABDSu.q83tOPCOOS=.O5eDPWGDS=-LOt/
PRCOS=To273ePCNCDS=lOOeOtETACOS=e86pPCBLC=OeOtOPDUDSueOSeETHPO$=e91ETIPOS=-gt#

ETLPDSzegeDELSFC=LeO_DELFN=IoOBOELFGaleOtPCBLOBmOeOtT6OS=I622.22,IAMTP=2,/
DELTL=IT, ZITFHPDSaGO,OtCNHPDS=2eOtTFIPDS=EZO,OtCNEPDS=2,ZeTFLPOS=I30-Ot/
CNLPDS=2,31ZFDS=.83333333_ZIDS=,83313333_ZCOS=,81_33225pCVDNOZ=,9851/

CVMNOZ=e985tCVDWNG",985tFAN=.TRUEetISPOOL=3tXNHPDS=lOOOO.eXNLPDS=5000-e/
XNIPDSz7500.wPMIHP=35o25ePMILP=70. SOePMI]P-52. BBeVFAN'.I42tVINTC=.162e/

VCOMB=.L_2tVHPTRB=.OST.VLPTRB=oOST_VtPTRB=.OST,VAFTBN=.283eVFDUCT=.283_/

VWDUCT=°283,VCOMP'-l_2tSI=-TRUE-,DPAFOS'O.O$/

The first output DYNGEN provides is shown next. This is the design case for the

three-spool turbofan. The fuel flow (WFB) is 1. 858 kg/sec. The means of specifying

the output shown is discussed in the main-text section Output Specification. This is the

same output given by GENENG. One difference is that DYNGEN tells the user that

"THE OUTPUT IS IN SI UNITS. " (If SI had been set . FALSE. in the NAMELIST input,

DYNGEN would specify that "THE OUTPUT IS IN ENGLISH UNITS. ")

FAN DESIGN

MIDDLE SPOOL DESIGN

COMPRESSOR DESIGN

INTER DUCT DESIGN

COM_USTO_ DESIGN

H,P. TUQBINE DESIGN

I-P, tURBINE DESIGN

L,P, TURBINE DESIGN

DUCT _OZZLE OESIGN

TURBINE AREA DESIGN

NOZZL_ DESIGN

OUTPUT

PRFCF= 0,13000003E+0[ ETAFCF= 0,I0009000_+01

PRICF= O.qS166666E+O0 ETAICF= O=98863635E+OO

PRCCF= 0, Bg61_286E+00 ETACCF= 0o[0O0O000_+0[

A38= 9,22L_928_E÷90 AM3B= O,_OOO00OOE+OL

WA3CDS= 9.15101303E-02 ETABCF= O.q8300330E+03

WAFCF= 0.66695116E+03

WAICF= 0,66q33333_+00

WACCF= 0.48218785_÷00

A39= 0.22|59284E÷00

T2DS= 0.3053_B83_+03

T22DS= 0,34035630E÷03

T21DS= 0,3_06999E÷03

AM3?= 0, LODO0000E+01

CNHPCF= 0.7542_662_+00 TFH_P= 0.22059_31E+05 ETHPCF= 0,10OO0OODE+O1 DHHPCF= 0.40061476E+34

CNIPCF= 0-_20217E÷00 r¢IPCF= 0,2070_78_E+05 ETIPCF= 0, 10000000E_DL DHIP_F= 0,_2148784E÷O_

CNL°CF = 3-7_6389E+00 TFLPCF= 0=160_q8ZZ_÷05 ETLPCF= 0-[O201339E+01 DHLPCF= 0,56qB28O0E+O_

AZ8= O,3_BbU3_3E+OD AM2B= O*65148bO8E÷OO 629= 0.34868393E+OO A_Zg= O,65X_BbO8E+O0

A55= O*T3676639E÷90 AMG5= 0,23826636E_00

AB= O-2BBOOO_3E+O0 AMB= O,[O00OO00E+OI Ag= 0.28800043E+00 AM9= O=[O0000OOF+OI

AM= O. ALTP= O. T_= 1422.22 ETAR= l,OOO0
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THE [;UTpU _ IS I_t SI UNITS

PCNF CNF ZF PRF WAFC W_F

0, I00009E+03 O, IO90_OE+O| 0,833333E+90 0,149090E+0I OoZBOI71E+03 C,Z72166E+03

PCNI CNI ZI PRI WACI WAI

0,100000E÷03 O,[OOOOOE÷OI D,83)333E+00 O-LBl1OOE÷nl 9,14089_E÷03 9,181373E÷03

PCNC CNC ZC PRC WACC MAC

O, LOOOOOE÷33 O, IO0000E÷OL 0,814332E+00 0,T27300_÷01 0,482188E÷02 0°906864E÷02

T2 P2 T22 P22 T21 P21

0°3053_9E+93 0,191325E+06 0*340356E+03 Oo14[B55E÷O6 0,394070E_03 O, 222854E÷Qb

T3 P3 PCBLF BLF PCBLC BLC

C,728472E+33 0,_62082E+07 O, 9, O* 9,

PCBLHP BLHP PCBLIP BL[P PCBLLP BLLP

O, O, O- O, O, O,

WA3 WFB WG4 FAR4 T4 P4

C,99686_E+02 0,185800E÷91 0,925444E+02 O,ZO_B82=-O! 0,142222E+04 O,153978E+O?

TFFHP CNHP DHTCHP OHTC TSO P59

0,500099E'92 _,299000E÷0| OoZ49369E+03 0°341857E+06 0,|[442gE+04 O,54nI42E÷06

TFFIP °NIP OHTCIP OHTI T5 P5

C°120090E+93 0,229000E÷01 O,927273E+02 0, I0610/E÷96 9-1955BlE÷_4 0.371263E÷96

TFFLP CNLP DHTCLP DHTF T55 P55

0,130000E÷03 0,230000E÷01 0°978617E÷02 0,103335E÷06 o.g684T4E+03 0°2_9603E÷06

ETAB PCBLDU ETAD DPDUC T24 P24

0*983090E÷00 O, O- 0°590000E-0! D,340355E÷03 0,134762E+06

O,90792_E+)2 Oo O,907927E+02 O, 0°340355E_03 0,|34762E+06

.,wl _ ETAF ETAI ETA° ETATHP ETJTIP ETATLP

• ,,ooooE,ooo. Toooo ,ooo.Booooo +ooo. ooooo ,oo . oooooE,ooO.  O000E,,_tu T6 P6 PS6 AMb V6 WG6

_'_ _,-, "xJ]_ 0,96847_E+33 0,249633E+_6 0,240433E÷06 0,238266E+O0 0,143982E*03 0,92544_E+02

..ir..m_

T7 WFA WG? FA_7 ETAA DPAFT

0,96847@E÷03 O, 0,925444E+02 0,204882E-01 Oo O,

PS8 AM8 V8 PS9 AM9 V°

O*I35759E÷Ob O, IO000°E*01 0o564?32E+03 3, t35T5gE÷06 3.LOO_OOE÷O[ 9o564132E+03

PSZ8 AM28 V2B PS29 AM29 V29

0, I0|325E+06 0.651486E+00 0,231367E÷03 C.lO1325E÷Ob 0.651486E+00 0°231367E÷03

BPRINT DPC_M °PWING PSBB _MBB VBB

C. IO00OOE+OI O. BOOO00E-31 O.IO000°E+30 Q.IO6207E*)6 O. IO00COE+O! 0.363392E+03

BYPASS HPEKT WET WGT VA FRO

_.509586E+90 O. O. L85809E+9! 9.274024E÷03 0. O.

PCBL[ WGB? VJW PS39 A_39 V39

C.500000E+O0 O. gOBB64E+02 0.357941E+03 0.I06207E_96 O.I90000E_01 0°363392E+}3

CVONNG FGMWNG FGPWNG FNWING FNMAIN P28

C.985030E+00 9.324604E*05 0.[0818_E÷04 0.335422E÷05 C.82087[E+05 0.134762[+06

FFOVFN FWOVFN FCOVFN FMNOFN FNOVF° P38

0o1789_5E+00 0o_90084E÷00 0.53097[E+BQ C°70991&E÷90 OotOOOOOE÷°[ 0°200569E+06

CVMNOZ VJM CVONOZ VJ° FGM FGP

C.985090E÷00 O.5562bIE+93 O.gBBOOQE+9° 9.227896E+93 0._4639E+96 O°I_gQBBE÷95

MAIN S_NIC CONVERGENT NOZZLE FG=LL5629.3L FN=LL5629.3[ &FC = 0.05T85

DUCT SUSSONIC CONVERG, _DZZLE

CONVE_GEO AFTER [ LOOPS

Following the design-case output, a list of COMMON blocks ALL1 to ALL5 is

given. The numbers presented in this printout can be associated with their variable

names by comparing the output locations with the list of COMMON blocks ALL1 to ALL5

in subroutine DISTRB. The COMMON block printout occurs only at the design point.

Also, on the same line as the word COMMON, eight variables _re printed; they are ZF,

PCNF, ZI, PCNI, ZC, PCNC, T4, and MODE.

ECMMON O*B33333E+O0 0°I00000E+03 9.833333E÷_0 9.10_090E*03 O.B_332E+O9 0°I00000E+03 0._42222_0_

9.100003E+03 O, IO00°OE+03 3.1_ZZ22E+O_ _.I00_00E+03 _. O. IO°OBOE+°I C,IO0000E+O_ O, Ie_33CE+_i

O.B33333E+O0 0.100003E+93 9-140000E*0[ O. 880000E+O0 9*Z12166E+03 O. IO000OE+OI O. IOOOOOE+91 0.466951E÷09

D°SI_BB2E+90 9°I00090E+03 0°72_300£+01 O. BBODDOE+O0 O.90bBb_E+02 O.8g_WBE+DO O,_O0000_+O_ O. BB2_BBE+O0

O°[WZ222E,C4 O°185_OOEeOL O. O°gB3OO�E+OO O.151013E-02 O.500000E-OI 9. 0.9839_C_+09

9.500009=+92 O. ZDOOOOE÷OI Oo�OOO00E÷O0 D.22059_E+°5 O.75W24?E+O0 9.100990E+9_ O.4006_BE+OW 0.30534_E+03

0°130000E+03 0°230000E+01 C. 900000=÷00 0o160498E+05 0.747364E+00 0. I02013E÷01 0.56982BE+0_ 0.3940?C_+03

_o 9. O. O. O.IIBO_gE-Ol 0.500000_-01 9. O.

Oo O. O° O° 0. I1538_-01 O. O. O°

O°73b?bBE+OO D. O.73675bE+O0 0._35755E+00 O.2BBOOOE÷O0 O.ZBBDOOE÷99 O°3_BbB_E+Ot °°B&BBB_E÷O0

O.Z_O_33E,06 Oo238266E÷O9 9.985000E+00 0.98500DE+00 O° 9. O. O.

0.305350E+03 0. I01325E+06 0.30539gE+06 0.6717_8E÷0_ 0°305349E+93 0.191325E÷0_ 0.305399E+06 O.6_[IT?c÷04

9°39_070E+_3 9°222854E+96 °°39&B77E+06 9*b7_BXTE+O_ O°72BW72E+03 O. IB29B2E÷97 C. TW3538E+Ob O.b_/BB_+O_

0.142222E+0_ 0.153_78E÷07 0.[58403E÷07 0°764112E÷04 0oI05587E+04 9. BTI263E+06 O°ILBbOBE+97 O°76glg@E_04

O°�68474E+_3 0.249bOBE÷06 0°I03273E+07 Oo_79389E+OW O. O. O. O.

9°I00903E+91 0°140090E+01 9*BBOOOCE+O0 0°280171E÷03 0.272166E+03 O°90BBb4E÷92 O*g25444E+02 0.20_882_-9[

0.I00003E+31 0.727300E÷01 0.869000E÷90 0o48218BE+D2 O.90bBb4E+02 0.983000_+00 O.500OOOE-°I 9.
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O.200000E÷02 O.900000E÷O0 OoZ40369E÷03 0o_[85TE+06 O° OogZ§4_E÷OZ O°204BBZE-01 0.35041_E÷03
0.230000E+01 O°900000E_O0 OogTB677E_02 0o[03335E÷06 O* Oo9254*e6E÷02 O°ZO4BB2E-01 O.
Oo O* OoLOOOOOE+O[ 0.833333E÷00 0°100_00E+03 0.81633ZE÷00 O°LOOOOOE÷O_ O. 185800E+OZ
0,500000E÷02 0°[30000E+03 O* O- O- O* O* Oo

0,101325E+06 0,272166E+03 0°906866E+02 O, O° O* T43538E+O6 O, Oo
0°394070E÷03 0o222854E+06 0°39_671E+06 O°674817E+06 0°3_0355E÷03 0.141855E+06 O°31eO537E÷06 O°673013E÷04
0.340355E+03 0.13_762.E+06 0°360535E_06 0,674_85E+06 0,3_0355E÷03 0°134762E÷06 0,3_0535E÷06 OebT448_E_04"
0*3_0355E+03 O-13_762E÷06 0°340535E+06 O°6744B§E÷04 0.340355E+03 0o134762E+06 0*340535E+06 OebT4485E+04
0*90792TE÷02 O° 0°90792TE÷02 O* O, 0,500000E-01 0°500586E+00 O°
0*3[3697E+03 O°EO[3ZSE_Ob 0°231367E+03 0*651486E_00 0o313697E+03 0,10|325E+06 0,231367E+03 0*651486E÷00
0.968_7_E_03 0°2_9603E÷06 0°103273E+07 O*T70389E+04 0.340355E_03 0°134762E+06 0*340535E_06 O,bT6485E+O_
0.185800E+01 0,92544_E÷02 0.204882E-01 O* 0°907927E÷02 Oo 0o101325E÷06 Oo
0,968_74E+03 0.249603E+06 0,103273E+07 0°770389E÷04 0,968474E÷03 0°249603E+06 O,|03273E+O7 O,7TO389E_04
0;968474E'03 O*Z49603E+Ob 0°103273E+07 O° 7TO389E÷06 0°968474E÷03 0°249603E_06 O°iO_273E+07 0°770389E÷04

0*9254_E+02 O- 0*9254_4E+02 O*204882E-01 Oo 0* 0*143982E+0] O,
0.2_0_33E+06 0°143982E+03 0°238266E_00 0°968_81E+03 0,2_9611E_06 0°13814|E-02 0°227615E-05 0,_89886E÷00
0o830758E÷03 0°I35759E÷06 0.56_732E÷03 O°IO0000E_01 0°8_0758E_03 0°135759E+06 0,56_732E+03 O°IO0000E+O[

O° O* 0,227896E÷03 0,206913E+05 0°556261E_03 0,516788E÷05 O° 0°99169?E+06
0,104630E+06 0,10998_E+35 O°LBSBOOE÷01 0°274024E÷03 O°6826T4E-OZ 0,[15629E+06 0,115629E+06 OoS784TCE-O[
0,90686_E+02 0.10000_+00 0,100000E+O0 0,80780BE-02 0,221593E+00 O, IO0000E+01 0,363392E+03 0°396070E+03
0°396677E*06 0°200569E_06 0°328590E÷03 0°106207E+06 O°3940TOE_03 O, 394677E+06 OeZOO569E_06 0°328590E_03

0o36339ZE*03 0,100000E_01 O* 221593E_00 0°100000E_01 0,906866E+02 0o985000E÷00 O,326606E+05 0,108186E_04
0o335622E*05 Oo820871E+05 O.2qOO86E+O0 0,10620TE÷06 O°lTB945E+O0 O. 5309TIE÷O0 O, TO9916E_O0 O. IO000CE_01
0.357941E+03 0,3_0356E÷03 0°141855E÷06 0.3_0537E+06 0°673014E÷04 0,114629E+06 0°540142E÷06 O°124217E+OT

0°768077E+0_ 0°181373E+03 0°833333E_00 0,1.00000E+03 O,[O0000Ee01 0°157|00E÷0[ 0o870000E+00 0.1_0800E÷03
O. IZOOOOE+03 OoZZOOOOE÷OI C. 9CO000E+O0 O.927273E+02 0.106107E_06 O* O* 0o100000E+03
0.83_333E+00 O*IO0000E_03 O°ISTIOOE+01 0°870000E+00 0°181373E_03 0,951667E÷00 0*988636E+00 0*469333E÷00
0.120000E_03 O°Z2OOOOE_Ot 0.900000E+00 O°20TO_8E+05 0,7_4202E+00 0.100000E+01 0°42168BE÷06 0.140800E+03
0o181373E+03 OoSO0000E÷O0 O* 906866E÷02 0,340356E+03 0°906864E+02 0°9254_E+02 0.204882E-01 0,_45181E-05
0.180000E_00 O. O° O, O. O* 0.500000E+00 0°100000E÷01
O. IO0000E+01 0°100000E+01 0°100000E+01 O* O* O=O00000E-_B O.O00000E-3B

Next, NAMELIST data are again supplied to DYNGEN so that an off-design case is

run. Since ITRAN is set equal to 1, the off-design point is also the initial condition for

the transient. In this case the WFB is set equal to 1. 486 kg/sec and [he off-design

point is run by specifying MODE and WFB (table IV). Also specified are DT, DTPRINT,

and TF (table V).

SDATAIN MODE=Z_ITRAN=I,DT=.LOO,DTPRNT=.lOO,TF=3.0,DELTI=I7*2_WFB=I-kSb$/

The DYNGEN transient output is now given. The first point is the initial condition

and is indicated by TIME=0. at the top of the printout. The fuel flow is 1. 486 kg/sec as

specified. Also DYNGEN again specifies that the output is in SI units.

TINE= O,

OUTPUT AN= O, ALTP= O- T4 = 1336,92 ETAR= re0000

THREE SPUOL ENG|NE
THE OUTPUT IS IN SI UNITS

PCNF CNF ZF PRF MAF_ MAF
0°935726E+02 O,935TZ4E÷O0 0.826087E+00 0,135606E÷01 O°258993E÷U_ OeZg159]E÷O_

PCN! CNI Z| PR| MACE WR[
0=945018E÷02 O*950729E+O0 O,B296_gE+O0 O*15Zl'/gE÷_I 0,|32555E_0_ 0*166145F÷0_

PCNC CNC ZC PRC NACC MAC
0°9_?621E+0Z 0,95853_E+00 0,79_836E+00 O°6636TIE_O& 0,_49892E_02 0,802017E÷02

T2 PZ T2Z P22 T21 P21
0°305349E÷03 0,101325E÷06 0°336279E+03 0.137198E+06 0,386985E+03 0,208788E_06

T3 P3 PCBLF BLF PCBLC BLC
0,699518E+03 0,|38566E+07 O* O, Oe O,

PCBLHP 6LHP PCBL|P BLIP PCBL_P BLLP
O, O, O, 0, O, O°

MA3 MFB _G6 FAR6 T6 P6
OeBOZOI7E÷O2 0*148600E÷01 0,816877E+02 0,185283E-01 0,133692E+04 0,131563E÷07

TFFHP CNHP DHTCHP DHTC TSO PSO
0,5006BOE÷02 0*195436E+01 0*239087E÷03 0*320899E÷06 O°lOT253E+04 0,659903E÷06

TFFIP CNIP DHTCIP OHT! T5 P5
OelZ051OE+03 0°2147_6E*01 0°928167E_02 C.99TT59E+05 0°98815_E+03 _*3t5066E+O6

TFFLP CNLP OHTCLP OHTF T55 P55
0o130926E+03 0°222668E+01 0*967787E*02 0,956015E+05 0.906063E_03 )o212977E÷06
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ETAB PCBLOU ETAO DPDUC T26 P2_

C. 9830001÷00 0. O. 0.6836LZE-01 0.336278_03 0.130563E_06

WAD WFD WG26 FARZ6 TZ5 P25

0e856676E÷02 O- 0,856676E÷02 O, O,336278E÷03 0o1305631+0b

ETAF ETAI ETAC ETATHP ETATIP ETATLP

0.892888E_00 0.879752E_00 0.86376TE÷00 0. B97626E+00 0e8959351÷00 ' 0o902626E_00

T6 P6 PS6 AM6 V6 WG6

0,9060631+03 0,2129771÷06 0o2056611÷06 0,2377851+00 0e1393631_03 OeBlb8TTEe02

TT MFA WGT FART ETAA DPAFT

0,906063E÷03 Oo 0.B168771÷02 0,1852831-01 O. 8.

PS8 AM8 V8 PS9 AMq V9

0.1156301÷06 0o100000E÷01 0,566833E÷03 0.1156301+06 0o1000001+01 0o5668331÷03

PSZB AM28 VZ8 PS29 AMZ9 V29

0,101325E+06 0.6122081_00 0,Z17096E+03 0.101325E+06 0.612208E÷00 OQZITOgbE_03

BPRINT DPCOM DPWING PS3B AN38 V38

0,107159E÷01 0.506851E-01 0,9998211-01 0o1013251+06 0.98427TE+00 0,35447CE_03

BYPASS HPEXT WFT MGT VA FRO

0.516293E÷00 0, 0.168600E÷01 0o2530791_03 O. 0o

PCBLI - WG3T VJW PS39 AM39 V39

0.517280E+00 0o859436E÷02 0,3691531_03 0o10k325E_06 0*98627TE+00 0.3566TOE_03

CVDWNG FGMMNG FGPWNG FNWING FNMAIN P28

C. gBSO00E÷O0 0.3000761_05 O, O,3000T_E÷05 0.6633381+05 0,130563E÷06

FFOVFN Fk_3VFN FCOVFN FMNOFN FNOVFO P38

OtI89659E_O0 0,3116701+00 0,4988T01+00 0,b88530E+00 0,833190E+00 O. 187913E+Ob

CVMNOZ VJM CVDNOZ VJD FGM FGP

C.985000E+00 0.538631E÷03 0,9850001÷00 0o213839E+03 0.9227901÷05 0o606223E_06

MAIN S_NIC CONVERGENT NOZZLE FG= 96341.23 FN= 96361.23 SFC- 0.05553

DUCT SUBSONIC CONVERG. NOZZLE

CONVERGED AFTER 12 LOOPS

After the initial time point is calculated, DYNGEN calls DISTRB. From DISTRB

the fuel flow is stepped to 1. 858 kg/sec. Note that this value is the design-point fuel

flow (although it did not have to be). Also, in DYNGEN, subsequent calls are made to

NOZCTR and FCNTRL to determine what controls are used on the mair_ nozzle area and

the fuel flow. For the case being presented, there are no controls. The next printout

from DYNGEN, at TIME=. 1 second indicates that the fuel flow is now 1. 858 kg/sec, as

specified by DISTRB.

TIME- 0.1000

OUTPUT AM= O. ALTP- 0, T6- 1480.23 ETARI 1*0000

THREE SPOOL ENGINE

TIlE OUTPUT IS IN SI UNI IS

PCNF CNF ZF PRF MAFC WAF

0.939601E_02 0.939601E÷00 0,B267681_00 0,13567TE_01 Oe260183E÷03 Oo25ZTSTE+03

PCN! CNi Zl PRI WAC! WAI

0°967623E÷02 0.953013E+00 0o828907Ee00 O,152369E÷B1 0,1329761403 0,166963E+03

PCNC CNC ZC PRC MACC WAC

c*gsz665Ee02 0*g63095E÷00 0.B31636E_00 0,696022E_01 O,45183&E+02 O. BO395TE_02

TZ P2 T22 P22 T21 PZI

0,305369E÷03 0,101325E+06 0.336517E_03 0,137675E÷06 0,385619E+03 0-209_61E÷06

T3 P3 PCBLF BLF PCBLC BLC

0.T09963E+03 O. 165T?SE+OT Oo 0, Oo 9o

PCBLHP BLHP PCBLIP BLIP PCELLP BLLP

O. O, Oo O. O. O,

WA3 WF8 WG4_ FAR6 Tq P_

0*B039_71÷02 0°185800E+01 OoBZOB32E÷02 0,231107E-01 0-1680231+0_ 0.1386831÷07

TFFHP CNHP DHTCHP DHTC TSO PSO

O°50Z35bE+OZ 0*186723E÷01 0*Z61656E÷03 0*356798E_06 0*119606E+06 0*683167E÷06

TFFIP CNIP DHTCIP DHT! T5 P5

ORIGINAL PAGE IS o.zzz3,BE÷O3O._O_OB,E.B10.92132TE+02 0.1100291+06 0*1102861+06 0.33136qE+06
TFFLP CNLP OHTCLP DHTF T55 P55

OF POOR QUALITY 0.1,1,_E÷03 0.21L,ILE÷OI 0.9676,2E.02 0.10,,10E÷06 0.1015131.06 0.226E861÷0_ETAB _BLOU ETAO OPO0_ ,2, PZ,
0.983000E+00 O- O. 0.686826E-01 0.3365161*03 0.130B09E+06

WAD WFO WG26 FAR26 T25 P25

0,B58036E÷02 0o 0.85T986E_02 O, 0,33651bE+03 0,13080qE÷06

ETAF ETAI ETAC ETATHP ETATIP ETATLP

0°892210E÷00 0°879302E÷00 0°8638631_00 0°891106E+00 0o8890291+00 OtgO3776E+O0

T6 P6 PS6 AN6 Vb WG6

0,101513E+06 0.226186E+06 0,218181E+06 0,239097E÷00 0,167660E+03 0,8Z01611+_2

TT WFA WG7 FAR7 ETAA DPAFT

0o1013151+06 O. 0.B192621+02 0.2311071-01 O. Ot

PSB AN8 V8 PS9 AM9 V9

0*123329E_06 O, IO000OE÷OI 0o577103E÷03 0°123329E÷06 0°1000001+01 0.5TT1031_03

PS28 AM2B V28 PS29 AMZ9 VZ?

0o101325E÷06 0.61_161E÷00 0,Z18016E+03 0.101325E÷06 0oG16761E+00 0o21801_E_03

BPRINT DPCOM DPW[NG P538 AM38 V3B

0.106729E_01 0o6865661-01 0°100010Et00 0,101325E÷06 0,98706TE÷00 0o3555161+03
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BYPASS HPEXT WFT WGT VA FRO

0,513969E+00 O. 0°185800E÷01 0.25_605E+03 O° O-

PCBL] WG37 VJW PS39 AM39 V39

O°516276E+OO O°B6IT76E÷OZ 0.35018IE'03 0.[01325E_06 0°987067E÷00 0°355514E_03

CVDWNG FGMWNG FGPWNG FNWING FNMAIN P28

0.985000E_00 O°301778E_05 O* O°301778E_05 0°7|3314E405 0°I30809E÷06

FFOVFN FWOVFN FCOVFN FNNOFN FNDVFD P3B

O,[BISOTE÷O0 o. ZgT291E÷O0 O.S21ZOZE÷O0 0,702709E÷00 O°877885E+O0 O,188_g5E÷06

CVMNOZ VJN CVDNOZ VJD FGM FGP

C°985000E_00 O.5686_6E+03 0°985000E_00 0°21_7_E÷03 0,95[720E+05 0,633722E+06

MAIN SONIC CONVERGENT NOZZLE FG=101509°19 FN=IO1509°I9 SFC= 0.06589

OUCT SUBSONIC COflVERG, NOZZLE

CONVERGED AFTER I5 LOOPS

Next, the DYNGEN output is given for a 3-second transient.
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As indicated earlier, the step in fuel flow for this case is up to the design- __

flow. A comparison of the results at 3 seconds and at the design point shows that the

transient has not quite settled out. However, the results from both cases are close.

Time histories of the fan speed, middle spool speed, core speed, and turbine inlet tem-

perature are given in figure 17.
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APPEND_ C

CONTROL SYSTEM SIMULATION

A set of subroutines has been written to allow the DYNGEN user to simulate such

common control functions as integrations, first-order lags, and hysteresis. These sub-

routines are discussed in this appendix, and examples are shown to illustrate their use.

Most of the subroutines (ALFLAG, ALINTR, etc. ) are linear transfer functions. They

are solved by assuming that the input is a ramp from the past value to the current value;

the output is then the exact solution assuming the ramp input. The accuracy of this

method is consistent with the accuracy of the modified Euler method used by DYNGEN

itself.

All general-purpose control subroutines are listed in this appendix, except for

AFQUIR and DERIV, which are part of the main program and are listed in appendix B.

All subroutines, including AFQUIR and DERIV, are discussed in the following sec-

tion. Subroutines DISTRB, FCNTRL, and NOZCTR for the two-spool turbofan and one-

spool turbojet example cases are also listed.

General-Purpose Subroutines

SUBROUTINE AFQUIR(X, AIND, DEPEND, ANS, AJ, TOL, DIR, ANEW, ICON)

solves implicit loops.

x(i)

AIND

DEPEND

ANS

AJ

TOL

DIR

ANEW

ICON

storage array for previous values

independent variable

dependent variable

desired value of dependent variable

maximum number of iterations

percentage tolerance on answer

direction for first guess

new guess for independent variable

control = 1, guess again

= 2, answer reached

= 3, exceeded maximum number of iterations
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Given successive values of AIND and corresponding values of DEPEND, AFQUIR will
calculate new values for ANEW in anattempt to makeDEPEND equal to ANS (within tol-
erance TOL). An example of the use of AFQUIR is given in subroutine FCNTRL for the
two-spool example.

FUNCTION ALFLAG(I, X, TAU, YMAX, YMIN) determines amplitude-limited
first-order lag.

I integer constantusedwith all first-order functions to identify location of previ-
ous values of function input and output (For first use of ALFLAG (or any
first-order function with I as an argument), value of I must be 24. (First
23 locations are usedby the main program. ) Subsequentfirst-order function
calls shouldbe numbered consecutively, e.g.,

X

TAU

YMAX

X=ALFLAG (24, . . .)

Y=ALINTR(25, . . .)

Z = FIRLAG (26, . . .)

The maximum value for I is 50.)

current input value

time constant

maximum output value

YMIN minimum output value

YMAX

TAU* s +l
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$1BFTC

30

4O

5O

ALFLAG

FUNCTION ALFLAG(I,X,TAU, YMAXtYM[N)

COMMON /DYN/ ITRAN_TIME,DTtTF,JTRANwNSTEPpTPRINT_,DTPRNT
COMMON IFOCI F0{50_4)

IF(JTRAN.EQ. I) GO TO t

ALFLAG=AMAXI(YMIN,AMINI(YMAXIX)
FOIl,I)= X

FO(I,2)= X
FO( [, 3) =ALFL AG
FO( I, 4) =ALFL AG

RETURN

XO=FO(I,2)

YO=FO (I_4)
TEMP=-DT/TAU

IF(ABS(TEMP) -75.)40_40,30

EXI=O.O
GC TO 5D
EXI=EXP(TEMP )
EXZ=TAU/DT*( I.O-EXt |

Y=YO*EX I+X'_( I.O-E X2 )+XOW, (EX2-E Xl )
ALTIMC=AMAXI{YMIN,AMINI(YPAX,Y))

FO(I,I) = X
FC(I,3)=ALTIMC

IF( ABS (ALT [MC-YMAX ) •LT. I• CE-5 .OR. AB S{ AL TI I_C-YM!N).LT. I.OE-5)

IFO(I, I)=ALTIMC
ALFLAG=ALT IMC

RETURN
END

FUNCTION ALINTR(I, X, YIC, YMAX, YMIN) performs amplitude-limited integra-

tion.

I

X

YIC

YMAX

YMIN

integer constant used to identify storage location of previous function values

(See ALFLAG for further discussion. )

current input value

initial condition

maximum output value

minimum output value

ALINTR

X _ YMAX I ALINTR _---
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$IBFTC ALINTR

FUNCTION ALINTR(I tXtYICtYMAX_YMIN)

COMMON /DYN/ ITRAN,TIME_DT,TFtJTRANINSTEP_TPRINT_DTPRNT

COMMON /FOC/ FO(5OtQ.)
IF(JTRAN. EQ.I) GO TO I

ALINTR=YIC

FOIl,I)= X

FO(I,2)=X
FO( I, 3)=AL INTR

FO( [t4)=AL INTR
RETURN

[ XO=FO(I _2)

YO=FO (1,4)
AL INTR=YO+.5*DT* (X+XO)

ALINTR=AMAXI (YMIN,AMI _L(YMAX,ALINTR))

FO(I,I)= X
FC(I,3)=ALINTR

RETURN
END

FUNCTION DEDBND(X, DB) determines the dead band.

X current input value

DB width of dead band

/_2DB

DEDBND

$1BFTC DEDBND
FUNCTION DEDBND(X,DB)

Y=O.
IF(X.GT.DB)Y=X-DB

IF (X .LT .-DB) Y=X÷DB
OEDBND=Y

RETURN
END

IDLAY

X

T DE LAY

TCLOCK

FUNCTION DELAY(IDLAY, X, TDELAY, TCLOCK) determines the time delay.

integer constant, similar to I, used only with DELAY (Calls to DELAY

should be numbered consecutively from IDLAY=I to IDLAY=5. )

current input value

length of delay (TDELAY should not exceed 49. ×DT, where DT

tion time step specified by user. )

current time ORIGINAIJ PAGE IS

OF POOR QUALITY

is the solu-
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$IBFTC DELAY

FUNCTION DEL_Y(IDLAYpXtTDELAYtTCLCCK)

COMMON/CDELAY/PDATA(5y50)tTIMEPT(501

COMMON /DYN/ [TRANtTIMEIDTtTFpJTRAN_NSTEP,TPRINT_DTPRNT
IF(JTRAN.EQ.I) GO TO 20

DO I0 I=it50

TIMEPT(1) = TCLOCK

tO PDATA(IDLAYr I) = X
DELAY = X

GO TO 50
20 PDATA[ IDLAY_ 1) = X

TIMEPTI I) = TCLOCK

DO 30 I=t,50
J = I
IF ((TCLOCK-TIMEPT(I)).GE.TDELAY) GC TO 40

30 CONTINUE
40 DELTA = 0.0

IFIABS(TIMEPT(J-t)-TIMEPTIJ)) .iT. O. O00t) GO TO 45

IF (J°GT.I) DELTA = (PDATA(IDLAYtJ-I)-POATA[IDLAYyJ)I*(TCLOCK
l -T INEPT( J)-TDELA Y)/( TI MEPT (J-I}-TI MEPT [J) )

45 CONTINUE

DELAY = PDATA(IDLAY_J) * DELTA
50 RETURN

END

X

FUNCTION DERIV(I, X) calculates the time derivative.

integer constant used to identify storage location of previous function values (See

ALFLAG for further discussion. )

current input value

=_ DERIV ._

The listing for DERIV is given in appendix B.

FUNCTION DERLAG(I, X, TAU) calculates the derivative of first-order lag.

I integer constant used to identify storage location of previous funcUon values (See

ALFLAG for further discussion. )

X current input value

TAU time constant
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I s 1 DERLAGX = TAU *s +I

$1BFTC DERLAG

FUNCTION DERLAG(I,X,TAU)

COMMON IDYNI ITRAN,TIMEtDTjTFtJTRAN,NSTEPITPRINTsDTPRNT

COMMON IFOC/ F0(50_4)

DERLAG=(LoO/TAU)*(X-FIRLAG(I,XpTAU) )
RETURN

END

X

TAU

FUNCTION FIRLAG(I, X, TAU) determines the first-order lag.

integer constant used to identify storage location of previous function values (See

ALFLAG for further discussion. )

current input value

time constant

I 1 I FIRLAG= TAU * s +-----'--'--i-

$[ BFTC FIRLAG

FUNCTION FIRLAG(ItXtTAU}

COMMON IOYN/ ITRANtTIME_DT,TF_JTRANtNSTEp,TPRINT_OTPRNT

COMMON /FOC/ FO(50v4)

IF(JTRAN.EQ* I) GO TO L

F IRLAG=X

FO(I,II= X

FO(I_2)= X

FC( I t BI=F IRL AG

FO( I_4}=FIRLAG
RETURN

I XO=FO(1,2)

YO=FO(I_4)

TEMP=-DT/TAU

I F (ABS(TEMP) -15. )40,49,3 0

30 EXL=O.

GO TO 50

40 EXI=EXP(TEMP}

50 EX2=TAUIDT*(I.O-EX[)

F [RLAG=YO*EX l÷X*( t. O-EX2 } +XO* (EX2-EXI)

FO(I_I} = X

FO( I,B)=FIRLAG

RETURN

END

ORIGINAL PAGE IS
oF QUALrr 147



I

TAULED

TAULAG

X

FUNCTIONFLDLAG(I, X, TAULED, TAULAG) determines the first-order lead-

integer constantused to identify storage location of previous function values
(SeeALFLAG for further discussion. )

lead-time constant

lag-time constant

current input value

I

. TAULED* s + 1 ] FLDLAG
TAULAG*s + 1 I

$IBFTC FLDLAG

FUNCTION FLDLAG(I,X,TAULED_TAULAG)

COMMON /DYN/ ITRANpTIMEtDT_TF_JTRAN_NSTEPpTPRINTpDTPRNT
COMMON /FOE/ F0(50,4)

Y=FIRLAG([_X_TAULAG)

FLDLAG= (TAULED/TAULAG) _'X + (1,O-TAULED/TAULAG }mY
RETURN
END

X

DB

FUNCTION HYST(I, X, DB) calculates the hysteresis.

integer constant used to identify storage location of previous function values (See

ALFLAG for further discussion. )

current input value

width of dead band

HYST
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$1BFTC HYST

FUNCTION HYST(I _X,DB)

COMMON IDYNI ITRANtTIME,OTpTF,JTRAN,NSTEP,TPRINTtDTPRNT

COMMON /FOC/ F0(50,4)

IFIJTRAN.EQ. I) GO TO i

FO(I, I}-X

FO(I,2)=X

FO( I, 3}=X

FO( 1,4):X

HYST:X

RETURN

I XO=FO(I,2}

YO=FO(I,4)

HYST=YO

I F (X-DB.GT.YO.AND.X. GT. X 0 ) HY ST=X-D _

I F (X÷DB.LT.YO.AND.X. LT. XO) HYST=X+OB

FO( I, I)=X

FO( I ,3)=HYST

RETURN

END

X

YIC

FUNCTION RINTEG(I, X, YIC) performs integration.

integer constant used to identify storage location of previous function values (See

ALFLAG for further discussion. )

current input value

initial condition

RINTEG

$1BFTC RINTEG

FUNCTION RINTEG(I,X,YIC)

COMMON /OYN/ ITRAN,TIME,OT,TF,JTRAN,NSTEP,TPRINT_OTPRNT

COMMON /FOC/ F0{50,4)

IF(JTRAN.EQ. l_ GO TO I

R INTEG=YIC

FO(I,I}= X

FO( I, 2)=X

FC( I, 3}=R INT EG

FO( I, 4)=R I NTEG

RETURN

XO=FO!I,2)

YO=FO ( 1,6J

R INTEG=YO+.5'_DT,_( X*XO ;

FO( I , I)= X

FO(I_3)=RINTEG

RETURN

END ,Ycr #

149



lag.

I

X

TAU

RLH

RLL

FUNCTION RFLAG(I, X, TAU, RLH, RLL) determines the rate-limited first-order

integer constant used to identify storage location of previous function values (See

ALFLAG for further discussion. )

current input value

time constant

upper rate limit

lower rate limit

TAU*s +1

RLL

RLFLAG

$[BFTC RLFLAG

FUNCTION RLFLAG(I tX,TAU_RLHpRLL)

COMMON /DYN/ ITRAN_TIMEtOTtTFtJTRAN_NSTEP_TPRINT,DTPRNT
COMMON /FOC/ FOISO,4I

IF(JTRAN.EQ. l) GO TO I

RLFLAG=X

FO(I,I)= X

FO( I, 2)= X

FO( ! , 3)=RLFL AG

FO( I ,4 )=RLFL AG

RETURN

I XO=FO(I,2)

YO=FO(1,4)

TEMP=-DT/TAU

I F( ABS( TEMP!-75. )43,4g, 3 O

30 EXI=O.O

GO TO 50

40 EXI=EXP(TEMP)

50 [X2=TAU/DTW'( I.O-EXI}

RLFLAG=YO*EX I+X*( I. O-EX2 }+XO* (EX2-E Xl )

RLFLAG=YO+AM INI(RLH,AMAX[ (RLL,(RLFLAG-YO) /DT))W'DT

FO(I, l)= X

FO( I, 3)=RLFL AG

RETURN

END
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FUNCTION SECLAG(J, X, OMEGA, ZETA) determines the second-order lag.

integer constant, similar to I, used only with second-order functions SECLAG

and SLDLAG (Calls to SECLAG and SLDLAG should be numbered consecu-

tively from J=l to J=10. )



X

OMEGA

ZETA

current input value

natural frequency

damping ratio

X ..J OMEGA**2 1 SECLAGs'x:2+ 2.*ZETA;::OMEGA+::S+ OMEGA::::::2

$1BFTC SECLAG

FUNCTION SEC LAG( T,X,OMEGA ,ZETA )
COMMON /DYN/ ITRAN,TIME,DT,TF,JTRAN,NSTEP,TPRINT,OTPRNT

COMMON/SOC/SO{ I0,6)

IF(JTRAN.EQ. I) GO TO

SO(J,I)=X
SO(J,2)=X

SO(J,3)=X

SO(J,4)=X
SOIJ,5)=X

SO(J_6I:X
SECLAG=X

RETURN

L XO=SO{J,2)

XOO=SO(J, 3)
YO=SO(J,5)

YOO=SO{J, 6
A=-ZETA'WOM
CMI=OMEGA*

YD:(YO-YO0

XD=(X-X]_ )
XDD= (X-2.0

A I=XO-XDD/OM

B L=XD-2.0'_ZE
SECLAG=(YO-A

i +( YO+ZETA_'OM
24 B.O-4. O*ZET

SO(Jr l)=X

SO(J, 4 )=SECL AG
RETURN
END

FUNCTION SLDLAG(J,

lead- lag.

)
EGA

SQRTI I.O-ZETA*m2)

}IDT
ID ll2.O

_'XC+XOO )IDTIDT
EGA/OMEGA'W{I.C-4.0_'ZETA*ZETA)-2-O_'ZETA_XO/OMEGA

TA* XDD/OMEGA

I)_EXP(AX'DT )_,£0S (OM I_DT )+AI +B L'_OT+XOO'*OT'O'OT/2-O
EGA _Y O-XDX_( i. C-2. O*ZE TA'_'ZETA) +Z ET AX_XO0/OMEGA_X
A*ZET A)-ZETA*OMEGA*XO )'_EXP (/_*DT )/OMI*S IN! OMI<'DT )

X, OMEGA, ZETA, AA, BB) detern_nes the second-order

integer constant, similar to I, used with second-order functions (See SECLAG

for discussion. )

X current input value

OMEGA denominator natural frequency

ZETA denominator damping ratio

AA, BB numerator coefficients
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[ i
X | AA*s**2 ÷ BB*s + OMEGA**2 I SLDLAG

$[BFTC SLDLAG
FIJNCTION SLDLAG(J tX,OMEGAtZETA,AA,BB)
COMMON /DYN/ [TRAN_TIME,DT_TF,JTP, AN,NSTEP_TPRINT,DTPRNT
COMMONISOC/SOIIO,B)
I.F(JTRAN.EQ.I) GO TO I

SOl J, l)=X
SO(J,2)=X
SO(J, 3)=X

SO(J,4)=X
SOIJ,5)=X

SC(J,6)=X
SLDLAG=X

RETURN

I, XO:SO{ J,2|
XOO:SOIJ, 3J
YO=SOIJ,5)
YOO=SO(J, 6)
A=-Z ETA*OMEGA

OMI=OMEGA*SQRT( I. O-ZE TA**2)
YO:| YO-YO0 )I DT

XO=(X-XO0)/D I/2.0

XDD= (X-2. O*XO+XO0)/DT/Dfl"

XOTEMP=XO

×O=XO+(AA*XDC÷BB*XOI/OMEGA/OMEGA
XD:XD+BB*XDD/OME GA/OMEGA
AI=XO-XDD/OMEGA/OMEGA*! Â.O-4. O*ZETA*ZETA}-Z,,O*ZETA*XD/OMEGA
B I=×D-2.0*ZE TA* XDO/OMEGA

SECLA G= (YO-A [ )*EXP(A*DT) *COS (CMI*DT)+AI+B I*DT÷XDD*D'r*OT/2 •0
L÷(YD+ZF. TA*OMEGA*YO-XD*{I.O-2.O*ZETA*ZETA)÷ZETA*XDD/OM_'-GA*

2(3oO-4o_*ZETA*ZETA)-ZETA*CMEGA*XO)*EXRi/_*DT)/(]MI*SIN(OMI*D 'r)

XO=XOTEMP

SOIJ,I):X

SLDLAG=SECLAG

SO (J, 4)=SLDL AG
RETURN
END

Use of Control Subroutines

For any engine he wishes to simulate, the user must write three subroutines:

FCNTRL, NOZCTR, and DISTRB. Subroutine FCNTRL is called by COCOMB and is

used to calculate main fuel flow WFB. Subroutine NOZCTR is called by COMNOZ and

is used to calculate nozzle area. Subroutine DISTRB is called by ENGBAL and supplies

a time-varying transient input to the simulation. Listings of subroutines FCNTRL,

NOZCTR, and DISTRB for the two-spool and 0he-spool example cases used in this report

are given at the end of this appendix. If one of these subroutines is not needed for a

particular engine, it should consist of a RETURN statement, as shown in the listings.
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The fuel control system for the two-spool turbofan is given in figure 18, and the fuel and

nozzle control systems for the afterburning turbojet are shown in figure 20.

The fuel control system for the two-spool turbofan (fig. 18) is used as an example

to illustrate programming techniques. Certain problems arise from the fact that

DYNGEN can use a large time step DT in obtaining solutions to differential equations.

For example, consider a simple block diagram, as shown in the following sketch:

A programmer could use function RINTEG, with X-Y as input, to calculate the out-

put of the integrator. For maximum accuracy, RINTEG requires that the current value

of X-Y be used as input; however, only the past value of Y is available (unless itera-

tive methods are used). Use of the past value of Y can lead to appreciable errors if

the value of DT is large. Hence, to ensure maximum accuracy, the pi'ogrammer must

sometimes resort to iterative methods when writing control subroutines for DYNGEN.

This technique is illustrated in subroutine FCNTRL for the control system of figure 18.

In order to begin the iterative process, a value for integrator output YF is assumed.

By using function DERIV, a value for integrator input YFDOT is then calculated. Also

EXNL and EACL, the inputs to the MIN function, can be calculated by using the assumed

value of YF. The lesser of these inputs is the output of the MIN function YFDOTX.

For a consistent solution, YFDOT and YFDOTX should be equal. This fact is used to

generate an error variable ERRW. Subroutine AFQUIR is then used to generate a new

guess for YF, and the process continues until ERRW is less than a desired tolerance.

Example Case - Two-Spool Turbofan

An example of DISTRB, FCNTRL, and NOZCTR are given for the two-spool turbo-

fan case. In this example a throttle step is accomplished by starting the transient at a

specified low-pressure-rotor speed. DISTRB is called by DYNGEN and the demanded

speed for the low-pressure rotor is set higher (at the design-point value). The differ-

ence between the actual speed and the demanded speed is used to generate a fuel flow

(fig. 18).

Subroutine DISTRB is now shown. COMMON blocks DYN, RPMS, and CNTRL are

shown. In DISTRB the demanded speed XNLDEM is set equal to the low-pressure-rotor

design speed XNLPDS (table V), which is set in the NAMELIST input (not presented).
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XNLDEM is transferred to the fuel control subroutine FCNTRL through COMMON block

CNTRL.

$[ BF:TC D IS'rRB

SUBROUTINE DISTRB

COMMON /DYN/ ITRAN,TIME_DTyTF_JTRAN,NSTEP_TPRINTtDTPRNT
COMMON /PPMS/ XNHPDS_XNIPCS,XNLPDStPMIHP,PMIIPtPMILP

COMMON /CNTRL/ XNHMtXNLMtT21MtP3M,YF,YFDOTpYFB,EXNLjPHIyWFBACL,
1 YFACL_EACLtXNLDEM, XMHP,XNLP
XNLDEM=XNLPDS

Pc_TURN

END

Subroutine FCNTRL is now presented. COMMON blocks ALL1 to ALL5 are used

as previously described in the three-spool example. In this subroutine,

DATA AWORD/6HFCNTRL/

WORD=AWORD

is set so that the name FCNTRL is sent to subroutine ERROR if an error is found. The

other commons are used to transmit data to and from FCNTRL as needed.

$1BFTC FCNTRL

SUBROUTINE FCNTRL

COMMON /WORDS/ WORD

COMMON /DESIGN/

IIDES ,,DES _KDES

2 IDBURN, IAFTBN, IDCD

3LOOPER

COMMON

IPCNFGU

2ZFOS

3ZCDS

4T4DS

, NOMAP _NUMMAP,

/ALLI/

,PCNCGU, T4GU ,

, PCNFDS, PRFDS p

j PCNCDSs PRCDS t

,WFBDS , DTCOOS _

,MODE ,INIT tIDUMP _[AMTP ,IGASMX,

,IMCD _IOSHOC,IMSHOC,NOZFLT, ITR,YS ,

MAPEDG,TCLALL_ERRI9)

DUMOI ,OUMD2 ,CELFG ,DELFN ,DELSFC,

EThFDS,WAFDS ,PRFCF ,ETAFCF,WAFCF ,

ETACCS,WACDS ,PRCCF ,EIACCF,WACCF ,

ETABOS,WA3CDS_ £PCOUS,DTCOCF_ETABCF,

5 T FHPD S ,CM HPO S _E THPO S _

6T FLPDS tCNLPD St ETLPDS

TT24DS _WFODS IDTDUDS,

8TTDS IWFAOS tOTAFDSj

9A55 ,A25 _A6
$PS55 ,AM55 ,CVDNOZt

COMMON /ALL2/

IT_ ,Pl vHI

2T21 ,P21 _H21

3T4 ,P4 _H4 ,

4T55 _P55 tH55 t

5CNF yP_,F ,ETAF ,

6CNC ,PPC ,ETAC t

TFHPCF,Ct_HPCF,ETHPCF,DHHPCFe T20S ,

TFLPCF,CNLPCFeETLPCF,DHLPCF,T21DS ,

ETADDS _WA23DS y CPDUDS ,DTDUCFt ETADCF,

ETA A CS _ WG6CDS _ CP AF DS ,DTAFC F, ET _ACF p

A1 ,A8 yA9 _A28 ,A29 ,

CVMNCZ,A8SAV _A9SAV ,A28SAV,A29SAV

SI ,T2 ,P2 ,H2 ,$2 ,

S21 ,T3 ,P3 ,H3 ,$3 ,

$4 ,T5 ,P5 ,H5 ,$5 ,

$55 _BLF rBLC _B/DU _BLOB

W_FC ,WAF ,kA3 ,WG_ ,FAR4 ,

WACC _WAC ,ETAB _DPCOM ,DUMP ,
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i8

7CNHP pETATHP_DHTCHPtDHTC _BLHP _WG5

8CNLP _ETATLPtDHTCLPfDHTF IBLLP tWG55
9AM ,ALTP ,ETAR ,ZF tPCNF ,ZC

$TFFHP ,TFFLP ,PCBLF ,PCBLC ,PCBLDU, PCBLOB

COMMON /ALL3/

IXPI ,XHAF ,XWAC ,XBL

2XT21 ,XP21 ,XH21 ,XS21

3T24 ,P24 ,H24 ,S24

4T28 ,P28 ,H28 ,S2B

5WAD ,WFD ,WG24 ,FAR24

6TS28 ,PS28 ,V28 ,AM28

7XT55 ,XP55

8XWFB ,XWG55

9T6 ,P6 ,H6

$T8 ,P8 ,H8

COMMON IALL4/

IWG6 ,WFA ,WG7

2PS6 ,V6 ,AM6

3TS8 ,PS8 ,V8

4VA ,FRD ,VJD

5FGM ,FGP ,WFT

,XH55 ,XS55

,XFAR55,XWFD

,$6

,$8

F ,XBLDU ,

iT23

,T25

,T29

,ETAD ,

,TS29 ,

,XT25 ,

,XWG24 ,

,T7

,Tg

,FAR 7 ,ETAA

,TS7 ,PS7

,AM8 ,TS9

,FGMD ,VJM

,WGT ,FART

6WA32 ,DPWGDS,DPWING,WA32DS,A38

7H38 _P38 ,TS38 ,PS38 ,T39

8V39 ,AM39 ,A39 ,BPRINT,WG37

9FNWING,FNMAIN,FWOVFN,PS39 ,FFOVFN

SVJW iT22 ,P22 ,H22 ,S22

COMMON /ALLS/

IS50 ,WA22 ,/I ,PCNI ,CNI

2TFFIP ,CNIP ,ETATIP,DHTCIP,DHTI

3ZIDS ,PCNIDS,PRIDS ,ETAICS,WAIDS ,

4TF IPDS, CNI PD S,ETIPDS, TF I PCF, CNIPCF,

5WAI ,PCBLI ,BLI ,T22DS ,WA2I ,

6AM23 ,OUMSPL,F XFN2M,FXM2CP, AFTFAN,

7AMbDSV, ETAAS V, FAI_ 7SV, T4P BL ,T41

,FAR5 ,CS

,FAR55 ,HPEXT ,

,PCNC ,WFB ,

,PCBLHP, PCBLLP

XH3 ,DUMSI ,DU_S2 ,

P23 ,H23 _ $23 ,

P25 ,H25 ,$25 ,

P2g ,H29 ,$29 ,

DPDUC ,BYPASS,DUMS3 w

PS29 ,V29 ,AM2g ,

XP25 ,XH25 ,XS25 ,

XFAR24,XXP I ,DUMB ,

P7 ,H7 f S7 ,

P9 ,H9 ,$9

,I_PAFT ,V55 _V25 ,

, V7 ,AM7 ,AM25 ,

,PS9 ,V9 ,A_9 ,

tFGMM tFGPD ,FGPM ,

, FG ,FN _ SFC ,

,AM38 ,V38 ,T38 ,

,H39 ,P39 ,TS39 ,

,CVDWNG,FGMWNG, FGPWNG,

,FCOVFN,FMNOFN, FNOVFD_

,TSO ,P50 ,H50

PR I ,ETA I , WAC I ,

BLIP ,PCBLI P, PCNI GU,

PRICF wETAICF,WAICF ,

ET IPCF ,DHI PCF, WA ICDS,

WG5Q ,FAR59 ,A24 ,

PUNT ,PCBLID, PbOSAVt

FAN , I SPOOL

COMMON /DYNI ITRAN,TIME,DT,TF,JTRAN,NSTEP,TPRINT,DTPRNT

COMMON /P,PMS/ XNHPDS,XNIPDS,XNLPDS,PMIHP,PMIIP,PMILP

COMMON /CNTRL/ XNHM,XNLM,T21M,P3M,YF,YFDOTtYFB, EXNL,PHI,WFSACL,

I YFACL,EACL_XNLDEMtXNHP,XNLP

DIMENSION QI 9)
DATA AWORD /6HFCNTRL/

WORO=AWORD

XNHP= XNHPD SWWPCNC/I00.

XNLP = XNLPDS* PCNF/IO0.

IF(ITRAN. EQ,, I. AND.JTRAN,.E_.O) XNLDEM:XNLP

XNHM=F IRLAG( 24, XNHP, .Ol )

XNLM=F IRLAG( 25, XNLP, • Ol )

T21M=FIRLAG(26,T21,.50)

P3M:F IRLAG |27,P3, .02)

YF=SQRT (WFB/_.653)-. 084o

Q( 2)=0.,0

(J(3)=O.O

YFDOT=DER IV( 28, YF)

YFB=14.g?B_F IRLAG (29, YFDOT,.50)
EXNL=25.91_'(XNLDEM-XNLM) /XNLPDS-YFB

PHI:(-g.4÷(33._'XNHMIXNHPDSI*SORT(5].8.67/T2].M) ),w(. 3124÷.6895*T21M

151.8.671

WFBAC L= 14. bO 6_'PHI '_P3M 13600,.

YFACL=S(_R T (WFBACL/4. 653)

EACL= 33.* | YF ACL-Y F J
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I9

2O

21

YFDOTX=EXNL

I F(EACL.LT.E XNL) YFDOTX=EACL

ERPW=YFDOT-Y FDOTX

O IR=O.O

IF(YFDOTX.NE.O.O} DIR=SQRT|ABS(YFDOT/YFDOTX)}

CALL AFQU JR( Q(1), YF ,ERRW , C. ,20., I. E-k,D IR ,YFT , [GO )

GO TO (19,21,20),[G0
YF=YFT

GO TO 18

CALL ERROR

CONT INU_

WFB=4 • 653m ( Y F+. 0846 ) **2

RETURN

ENO

There is no main nozzle control required for this case, and subroutine NOZCTR

contains only a return.

$IBFTC NOZCTR

SUBROUTINE NOZCTR

RETURN

END

Example Case - One-Spool Turbojet

For this example a throttle slam from idle (60 percent corrected speed) to full

afterburning for a one-spool turbojet is simulated. Subroutine DISTRB sets the de-

manded speed at 60 percent at TIME=0.0. If TIME is greater than 0.1 second, the de-

manded speed (PCNFDM) is set equal to 101.5 percent. PCNFDM is transferred to

subroutine FCNTRL through COMMON block XXPCNF. Also when the speed equals

100 percent, the fuel flow to the afterburner (WFA) is ramped. Note here that IAFTBN

must now be set equal to 2 so that this can be accomplished (table III). The change in

IAFTBN is transferred into DYNGEN through COMMON block DESIGN. WFA is trans-

ferred into DYNGEN through COMMON block ALL4.

$1BFTC DISTRB

SUBROUTINE DISTRB

COMMON /_ORDS/ WORO

COMMON /DESIGN/

IIDES ,JOES ,KDES ,MODE ,INIT ,IDUMP ,IAMTP ,IGASMX,

2 IF)BURN, IAFTBN, I OCO ,IMCO ,IDSHCC,!MSHCC,NOZFLT,ITRYS ,

3LC]OP ER, NOMAP ,NUMMAP,MAPE_G,TCLALL,EPR{9)

COMMON IALLII

IPCNFGU,PCNCGU,T4GU ,DUMCI ,DUMD2 ,OELFG ,r?LFN ,DELSFC,
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2ZFDS ,PCNFD S_PRFDS _ETAFCStWAFOS

3ZCDS , PCNCDS, PRCDS t ETACES,WACOS
4T4DS IWFBDS _ DTCODS, _TABDSI W_3CDS

5TFHPOS, CNHPD S, ETHPDS I TFHPCF ,CNHPCF
6TFLPDS,CNLPD S, ETLPDS, TFL PCF ,CNLPCF

?T24DS tWFDDS _DTOUDSpETADDSsWA23DS

8T70S ,WFACS ,OTAFDSt_TAACS,WG6CDS
9A55 ,A25 ,A6 ,A7 _a8

$PS55 ,AM55 ,CVDNOZ_CVMNOZ,A8SAV
COMMCN IALL21

,PRFCF ,ETAFCF,WAFCF ,

,PP,CCF ,ETACCF,WACCF v

, CPCODS ,OTCOCF, __TABCF,

,ETHPCF ,DHHPCF, T20S ,

,ETLPCF,DHLPCF,T21f)S ,

, CPDUDS ,DTOUCF, ETADCF,

, DPAF DS,DTAFCF, ErAACF,

,A9 ,A2B ,A29 ,

,AOSAV _A28S_V, A29SAV

ITI ,PI ,HI ,S[ ,T2 ,P2
2T2L ,PZL ,H2L ,SZl ,T3 ,P3
3T4 _P4 ,H4 ,S4 ,T5 ,P5

4T55 ,P55 ,H55 ,$55 ,BLF ,BLC

5CNF ,PRF ,ETAF ,WAFC ,WAF ,_A3

6CNC ,PRC ,ETAC ,_ACC _WAC ,ETAB

7CNHP , ETATHP,DHTCHP, DHTC ,BLHP ,WG5

8CNLP , ETATL P, DHTCLP, OHT F ,BLLP ,_G55

gAM ,ALTP ,ETAR ,ZF ,PCNF ,ZC

STFFHP ,TFF:LP ,PCBLF ,PCBLC ,PCBLDU

COMMON /ALL3/

1XPI ,XWAF ,XWAC ,XBLF ,XBLDU

2XT21 ,XP21 ,XH21 ,XS2I ,T23

3T24 ,P24 ,H24 ,S24 ,T25

4T28 ,P2B ,H2B ,$28 ,T29

5WAD ,WFD ,WG24 ,FAR 24 ,ETAD

6TS28 ,PS28 ,V2B ,AM28 ,TS2g

7XT55 ,XP55 ,XH55 ,XS55 ,XT25

8XWF6 ,XWG55 ,XFAR55,XWFD , XWG24

9T6 ,P6 ,H6 ,S6 _T7

$T8 ,P8 ,HB ,$8 ,TO

COMMON /ALL4/

IWG6 ,WFA ,WG7 ,FAR7 ,ETAA ,OPAFT

2PS6 ,V6 ,AM6 _TS7 ,PS7 _V7

3TS8 ,PS8 ,V8 ,AM8 ,TS9 ,PS9

4VA ,FRO ,VJD ,FGMD ,VJM ,FGMM

5FGM ,_GP ,WFT pWGT jFART ,FG

6WA.32 wOPWGD S,DPWING , WA32_S ,A38 ,AM38

7H38 ,P38 ,TS3B ,PS38 ,T39 ,H39

8V39 ,AM39 ,A39 _BPR INT,WG37

,H2 ,$2 ,

,H3 , $3 ,

,H5 ,$5 ,

,BLOU , BLOB ,

,WO4 , FAR4 ,

,OPC OM ,DUMP ,

,FAR5 _CS

,FAR55 ,HP-_XT ,

,PCNC , WF B ,

,PCBLOB,PCPJLHP, PCBLLP

,XHB ,DUMSI ,OUMS2 ,

,P23 ,H23 ,$23 ,

,P25 ,H25 ,$25 •

, P2g ,H2g p$29 ,

_DPDUC ,BYPASS,DUMS3 ,

,PS29 _V29 tAM29 ,

, XP25 ,XH25 , XS25 ,

, XFAR24-,XXP I ,OUM_ ,

P7 ,H7 ,$7 ,

, P9 ,H9 , Sg

,V55 _V25 ,

,AM7 ,AM25 ,

,V9 ,AM9 ,

,FGPD ,FGPM ,

,FN , SFC ,

,V38 ,T3_ ,

,P3g , TS3g
,CVOW NG ,FGMWNGp FGPWNG p

9FNWING,FNMAIN,FWOVFN,PS3g

SVJW ,T22 ,P22

COMMON /ALL5/

IS50 ,WA22 ,ZI

2TFFIP tCNIP ,ETATIP

3ZIOS ,PCNIOS,PRIDS

4TF IPDS,CN IPO S,ETI PDS

5WAI ,PCBLI sBLI

,H22 tS22 ,TSO

,FFOVFN, FCOVFN,FMNOFN, FNOVFO,

,P5O , H50

,ETAI ,WACI ,

,PCBLIP, PCNIGU,

,ETA ICF,WAICF ,

,DHI PCF, WA ICDS,

_FAR50 ,A24 ,

6AM23 ,DUMSPL,FXFN2M,FXM2CPtAFTFAN, PUNT ,PCBLI 0, P6DSAV,

7AM6DSV, ETAASV,F ARTSV, T4P BL ,T41 ,FAN , [ SPOf)L

COMMON /DYN/ ITRAN,TIME,OT,TF,JTRAN,NSTEP,TPRINT,DTPRNT

COMMON /RPMS/ XNHPDS,XNIODS,XNLPDS,PMIHP,PMIIP,PMILP

COMMON/XXPCN F/PCNFDM

IF (ITIME .EQ. I) GO TO ].

TIMEA=O.O

[TIME=O

CONT INUE

PCNFDM=60.O

IF (TIME .GE- -I) PCNFDM=IOI.5

,PCNI ,CNI ,PRI

,OHTC IP,OHTI ,BLIP

,ETAI CS,WAIDS ,PR!CF

,TFIPCF,CNIPCFtETIPCF

,T22DS _WA21 _WG50

O_ZGI_A_ PAG_

Poor
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IF (PCNF .GE. I00o9} ITIME=I

IF (ITIME .E(Q. O) GO TO 3

IF (TIMEA °GT° 0.0) GO TO 2

IF (ITIME .EQ° I) TIMEA=TIME

CONTINUE

IF (TI_4E .GT. TIMEA) IAFTBN=2

IF (TIME .GT. TIMEA) WFA=2.5/2.0*{TIME-TIMEA)

IF (WFA °GE. 2.5) WFA=2.5

CaNT INUE

RETURN

END

Subroutine FCNTRL calculates main burner fuel flow from the speed error. The

fuel flow (WFB) is transferred into DYNGEN through COMMON block ALL2.

$1BFTC FCNTRL

SUBROUTINE FCNTRL

COMMON /ALLI/

IPCNFGU•PCNCG U,T4GU

2ZFDS •PCNFD StPRFDS

3ZCDS tPCNCDStPRCDS tETACCStWACDS i

4T4DS ,WFBOS t DTCI]OS tETA BCS p WA3CDS,

5TFHPDS tCNHPO St ETHPDSt TFHP CF •CNHPCF t

6TPLPDSt CNLPD St ETL PDS tTFL PCF tCNLPCFt

7T2/eDS ,W_DOS tDTDUDStETADOStWA23DSt

8T/DS ,WFADS t DTAFDS) ETA AOS tWG6CDSt

9A55 tA25 tA6 tAT tAB t

$PS55 tAM55 tCVDNOZ tCVMNCZ tA8SAV ,

)DUMDI tDUMD2 tCELFG ,DELFN )DELSFC.s

)ETAFDS)WAFDS tPRFCF ,ETAFCFtWAFCF ,

PRCCF tETACCF)WACCF •

_PCODS tOTCOCFt ETABCF,

ETHPCFtDHHPCF)T2DS )

ETL P CF tDH l PCF t"'2 IDS

OPDUDS)DTDUCFt ETADCF,

DPAF DS ,DTAFCFt ETAACF)

A9 ,A28 , A29

AQSAV ,A28SAVtA29SAV
COMMON IALL2/

ITI I,PI. ,HI ,SI ,T2 ,

2T21 _P21 ,H21 iS21 iT3 ,

3T_ ,P4 tH4 wS4 ,T5 ,

4T55 tP55 tH55 tS55 tBLF )
5CNF tPRF tETAF tWAFC tWAF t

6CNC tPRC tETAC _WACC _WAC t

ICNHP t ETATHP)DHTCHP tDHTC tBLHP p

8CNLP ) ETATL P)OHTCLP tDHTF tBLLP t

9AM pALTP , ETAR , ZF , PCNF ,

STFFHP ,TFFLP tPCBLF ,PCBLC ,PCBLDUp

COMMON /ALL3/

IXPI tXWAF tXWAC tX6LF

2XT2I tXP2[ tXH21 _XS21

3T24 tP24 •H24 t 524

4T28 tP28 ,H28 tS28

5WAD ,WFD ,WG24 ,FAR24

6TS28 tPS28 tV2B tAM28

7XT55 tXP55 ,XH55 tXS55

8XWFB , XWG55 ,XFAR55,XWFO

9T6 ,P6 _H6 )$6
$T8 ,P8 ,H8 ,$8

COMMON /ALL4/

].WG6 tWFA ,WG7 )FAR7

P2 ,H2 tS2 )

P3 )H3 t $3 t

P5 ,H 5 , S5 ,

BLC ,BLDU t BLOt ,

WA3 ,WG4 t FAR_ )

ETAB tDPCOM _DUMP

WG5 ,_=AR 5 ,CS ,

WG55 ,FAR55 ,HP._XT t

ZC _PCNC tWFB ,

PC BL OB tPCB LHPt PCBLLP

, XBLDU ,XH3 ,DUMSI

,T23 , P23 tH23

,T25 , P25 ,H25

tT29 )P2g tH29 )

tETAD )OPDUC ,BYPASS_

)TS29 )PS29 ,V29

pXT25 ,XP25 ,XH25 ,

_XWG24 t XFAR24,XXPI ,

,T ? , P7 tilT t
t T9 ) P9 )H9 )

, DUMS2 ,

,$23

, $25

$29

DUMS) ,

AM29 )

XS25 ,

DUMB ,

$7
$9

,ETAA , OPAFT )V55 ,V25 ,
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2PS6 ,V6 )AM6

3TS8 ,PS8 ,V8
4VA pFRD )VJD

5FGM ,FGP ,WFT

6WA32 ,OPWGD S,DPWING

7H38 ,P38 ,_r S38

8V3q )AM39 ,A39

)TS7

)AM8 )
, FGMO ,

,WGT
,WA32DS,

,PS38 ,
,BPRINT)

)PS39 ,

)H22 )

9F NW I NG, FNMAI N) F WOVFN

SVJW )T22 )P22

COMMON /ALLSI

ISSO ,WA22 )ZI ,PCNI

2TFF IP )CNIP ,ETATIP,OHTC IP)

3ZIDS ,PCNIDS)PRIOS ,ETAIDS)

4TF IPDS)CN I PD S,ETI PDS) TFI PCF,

PS7 ,V? ,AM? ,AM25 ,

TS9 , PS9 ,V9 ) _M9 ,

VJM )FGMM )FGPD )FGPM )

FART ,FG ,FN ) SFC ,

A38 )AM38 )V38 )T38 ,

T39 )H39 _P39 ,TS39 )

WG37 ,CVDWNG )FGMWNG) FGPWNG,

FFOVFN) FC OVFN)FMNOFN) FNOVFD)

$22 )TSO )PSO )H50

CNI ,PRI )ETAI )WACI ,

DHTI ,BLIP )PCBLI P, PCNIGU,

WA!DS ,PRICF )ETAICF,WAICF )

CN!PCF) ETIPCF)DHIPCF,WAICDS)

5WAI )PCBLI )BLI )T22DS ,WA21 ,WGSO )FARSO )A24 )

6AM23 ) OUMSP L, F XFN2M, FXM2CP) _FTFAN) PUNT ,PCSLI O)P6DSAV,

7AM6DSV) ETAASV)FARTSV) T4P BL ,T41 )FAN ,I SPCOL

COMMON /OYN/ ITRAN)TIME,DT)TF,JTRAN,NSTEP,TPRINT)DTPRNT

COMMON/XXPCN F/PCNFDM

XKP=, 3096351

IF (ITRAN .EQ. i .AND. JTRAN .EQ. O) PCNFDM:60.O

ERPCNF=PCNFO M-PCNF

ALIM=.O05501

BLIM=.OOSB06

WFOP3U:IALIM-BLIMIwIPCNF-IC)5. C)/[-45.0)+BLIM

WFOP3L=WFOP3U/3.

W FP[_= .005833÷XKPW_ERPCNF

I F(_FPB.GT.WFOP3U) WFPt_=WFOP3U

IF(WFPB.LT.WFOP3L) WFPB=WFOP3L

V_I:B=WF PB_w P 3 * 14. 696

RETURN

END

Subroutine NOZCTR calculates the afterburner nozzle area (A8) as a function of

pressure ratio error. Values needed for this error are P3 and 1:)2 and are transferred

to NOZCTR from DYNGEN through COMMON block ALL2. The nozzle area (A8) is

transferred out of NOZCTR through COMMON block ALL1.

$I BFTC NGZCTR

SUBROUTINE NOZCTR

COMMON /ALLI/

IPCNFGU,PCNCGU,T4GU ,OUMDI ,DUMC2 ,CELFG

2ZFOS ,PCNFOS,PRFOS )ETAFCS,WAFOS ,PRLFCF

3ZCOS ,PCNCOS)PRCDS ,ETACOSjWACOS ,FRCCF

4T_OS )WFBOS )OTCODS)ETABDS)WA3CDS, EPCOOS

5TFHoOS, CNHPO S) E THP_S) TFHP CF, CNHPCF) ETHPCF

6TFLPOS)CNLPD S, ETL POST TFL PCF, CNLPCF ) ETLPCF

7T2z, OS ,WFOCS ,DTDUOS,ETAOCS)WA230SpCPDUOS

8T70S )WFACS ,OTAFOS, ETA ACS, WG6CO S) CP AFOS

9A55 )A25 ,A6 ,AT ,A8 ,A9

$PS55 )AM55 ,CVDNOZ ,CVMNCZ,ASSAV ,A9SAV

COMMON /ALL2/

)DELFN ,DELSFC,

ETAFCF, WACCF ,

,ETACCF, WACCF ,

OTCOCF, ET A.BC F,

,DHHPCF, T2DS )

)OHLPCP)T2 IDS ,

,DTDUCF) ETADCF

.DTA FCF, ETAAC F,

,A28 )A29 )

A28 SAV) A29S AV
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ITI tPl ,HI t SI ,T2

2T21 ,P2I _H21 ,S21 ,T3

3T4 ,P4 _H4 ,$4 ,T5

4T55 pP55 ,H55 ,$55 ,BLF

5CNF ,PRF _ETAF pWAFC ,WAF

OCNC ,PRC _ETAC ,_ACC ,WAC

1CNHP t ETATHP_DHTCHP_ DHTC _BLHP

8CNLP , ETATL P_DHTCL_' _DHTF ,BLLP

9AM _ALTP ,ETAR ,ZF rPCNF

$TFFHP ,TFFLP ,PCBLF ,PCBL£

COMMON /ALL3/

IXPI ,XWAF _XWAC ,XBLF ,XBLDU

2XT21 ,XP21 ,XH21 ,XS21 ,T23
3TZ4 _P24 _H24 ,S24 ,T25

4T28 ,P28 ,H2B ,$28 ,T29

5WAO pwFD ,WG24 ,FAR24 ,ETAD

0TS28 pPS28 ,V28 tAM28 _TS20

?XT55 ,XP55 ,XH55 tXS55 ,XT25

8XWFB ,XWG55 ,XFAR55_XWFD ,X_G24

9T6 _P6 ,H6 pS6 ,TT

$T8 ,P8 pH8 tS8 ,T9

COMMON /ALL4/

IWG6 ,WFA _WG7 ,FAR 7 _ETAA

2PSO pVb _AM6 ,TS7 ,PS7

3TS8 _PS8 _V8 tAM8 ,TS9

4VA ,FRO ,VJD ,FGMD ,VJM

5FGM ,FGP ,WFT ,WGT ,FART

6WA32 ,OPWGOS,DPW ING,WA32DS, A38

7H38 ,P38 ,TS38 ,PS3B ,T39 ,

8V39 _AM39 ,A39 ,BPR INT,WG37 ,

9FN,_ ING _FNMA IN, FWOVFN, PS39 , FFOVFNp

SVJW ,T22 ,P22 ,H22 ,S22 ,
COMMON /ALL51

IS50 ,_WA22 ,ZI ,PCNI ,CNI

2TFF IP ,CNIP ,ETATI P,DHTC IP, {]HTI

3ZIDS ,PCNIDS,PRIDS ,ETAICS,WAIDS ,

4TF IPDS, CN IPD S, ET IPDS, TF[ PCF,CNIPCF,

5WAI ,PCBLI _BLI ,T22DS ,WA21 ,

OAM23 , OUMSPL_F XFN2 Mt FXM2CP _AFTFAN_

7&MbOSV _ ETAAS V,FAR7SV, T4PBL ,T41 ,

COMMON /OYNI ITRAN,TIME,OT,TFtJTRAN

ABMIN:.790]?8

P 3OP2D=14.07

XKI=I.O

XKP=. }.

YICC=0-9

{]ERV=P3/P2-P 3QP 2{]

IF {ABS(OERV) .LE. I.OE-5) DEP, V=O.O

, P2 ,H2 , $2 ,

,P3 ,H3 , $3 ,

p !::5 ,H5 p S5 ,

,BLC ,BLDU , BLOB ,

WA3 tWG4 , FAO4 ,

,ETAB ,DPCOM , {lUMP

_WG5 ,FAR5 ,£S ,

tWG55 ,FAR55 _HPEXT ,

ZC t PCNC _ WF B ,
,PCBLDU_ PCBL(]B,PCBLHP,PCBLLP

XH3 ,DUMSI ,OUMS2 ,
,P23, ,H23 ,S23 ,

I P25 ,H25 , S25

, P29 ,H29 , $29 ,

_OPOUC ,BYPASS,OUMS3 ,

PS 29 _V29 _ AM29 ,

,XP25 _XH25 _XS25

t XFAR24_XXP I _ {]UMB

, P7 ,H7 , $7 ,

t P9 ,H9 t S9

,DPAFT ,V55 ,V25 ,

,V7 ,AM7 ,AM25

PS9 ,V9 ,AM9

,FGMM ,FGPD ,FGPM ,

,FG _FN ,SFC ,

AM38 _V38 ,T38

H39 ,P39 _TS39 ,
CVDW'NG ,FGM_WNG, FGPWNG,
FCOVFN,FMNOFNtFN_VFD_
TSO ,'SO ,HSO

PRI ,ETAI ,WACI ,

BLIP ,PCBLI P, PCNI GU,

PRICF ,ETAICF,WAICF ,

ET IP CF ,{]HI PCF, WA !COS,

WGSO ,F AR5O _A24 ,

PUNT ,PCBLI D, P6DSAV,

FAN , I SPOOL

_NSTEP _TPRINT, OTPRNT

A81NT=AL INTR (24, DERV, YICC ,I0000.0,- I0090. O) _XKI

A8PROP:XK P_,D EP.V

2 A8=ABMIN*A81KT+ABPROP

IF (A8 .GE. ABMIN.AN{]. WFA .GT. 0.0) GO TO 3

XERV=O.9

A8 INT:AL I NTR (24, XERV, YICC ,O.:),O°O }_XKI

AS=A8MIN

3 CONTINUE

IF (WFA .LE. I.OE-3) WFA=O.O

RETURN

END
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APPEND_ D

DEBUGGING PROCEDURES

This appendix is intended to give the DYNGEN user some hints for debugging prob-

lems which may occur in running the program. If the proper input variables are pro-

vided by the user, trouble wilI usually not occur in running the design point (IDES=l)

case. However, problems will often arise in obtaining solutions for off-design cases.

One frequent source of trouble is going out of range on the component maps, usually the

turbine. If this occurs, an appropriate error message will be printed out, for example,

***** CNHP OFF MAP

which indicates that the high-pressure-turbine speed parameter is out of range for the

map supplied. The most obvious, and effective, way of remedying this problem is to

extend the range of the maps. However, the user should take note if the engine is oper-

ating beyond the performance limits of a component.

Occasionally, trouble will occur in COMIX, CODUCT, or COAFBN when the pro-

gram tries to calculate Mach numbers less than zero or greater than 0. 700. The error

listing will contain COMMON blocks ALL1, ALL2, etc., and the user should check

variables such as AM55, AM6, AMT, AM23, and AM24 to see if they are negative or

equal to 0. 700. If they are and if the problem was not initiated by a map-out-of-range,

it may be possible to solve the problem by changing Mach numbers at the design point.

For example, if AM55 goes negative for some off-design case, increasing AM55 at the

design point will tend to raise the value of AM55 for all cases and help to avoid the

problem.

The Newton-Raphson method of solving simultaneous equations (appendix A) re-

quires a matrix of approximate partial derivatives AEi/AV j, where AVj is an incre-

mental change in the jth variable and AE i is the resulting change in the ith error.

The size of AVj can be changed by the DYNGEN user, and this often is effective in

solving convergence problems. In order to change the size of AVj, the user should

change variables VDELTA and DELSAV from their nominal values of 1. E-4. These

values are set by DATA statements in subroutine ENGBAL.

The variable VRATIO, also found in ENGBAL, may sometimes help to solve con-

vergence problems if it is set to some value less than its nominal value of 1.0. VRATIO

controls the maximum step size in changing the iteration variables.

The basic version of DYNGEN uses slightly less than 32 000 words of computer

storage. If the user has a computer with a maximum storage capacity of 32 000 words,

he will exceed that limit when attempting to add control system subroutines. Certain

subroutines in the basic program can be omitted to save space. For example, if the
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engine to be simulated has only a converging exhaust nozzle, subroutine CONDIV can be

eliminated. Similarly, if the engine has only a converging-diverging nozzle, subroutine

CONVRG can be eliminated. In all cases, a dummy subroutine, consisting only of a

RETURN statement, must replace the omitted subroutine. Also, storage space can be

omitted by deleting component maps which are not used, along with their associated

storage locations (table I).

A list of error messages in DYNGEN is given in the following table:

Error message Subroutine found in

AN ERROR HAS BEEN FOUND IN (SUBROUTINE NAME)

CHANGE TOO SMALL

CNC OFF MAP

CNC WAS = , AND NOW =

CNF OFF MAP

CNF WAS - , AND NOW =

CNHP OFF MAP

CNI OFF MAP

CNI WAS = , AND NOW =

, CHECK PCNC INPUT

, CHECK PCNF INPUT

, CHECK PCNI INPUT

ERROR

ENGBAL

COCOMP

COCOMP

COFAN

COFAN

COHPTB

COINTC

COINTC

CNIP OFF MAP

CNLP OFF MAP

COLUMN IS ZERO IN EMAT

ERROR IN CONOUT INPUT

ERROR IN SYG

FAILED TO CONVERGE AFTER (NUMBER) LOOPS

NO CONVERGENCE IN THERMO

ROW IS ZERO IN EMAT

TFFHP OFF MAP

TFFIP OFF MAP

TFFLP OFF MAP

THE ERROR IN (SUBROUTINE NAME) IS AT (NUMBER)

THE WORD NOT FOUND IN COMMON ARRAY

COIPTB

COLPTB

ENGBAL

CONOUT

SYG

ERROR

THERMO

E NGBA L

COHPTB

COIPTB

COLPTB

ERROR 1

CONOUT

I For subroutines COAFBN, COMIX, and CODUCT.

The list contains the error messages in alphabetical order and also the subroutine in

which the error message is generated. Most messages are self-explanatory; thus, the

determination of the actual cause for the error message printout is left to the user.

In the subroutines COAFBN, COMIX, and CODUCT, there are many implicit loops

and as a result many calls to the ERROR routine. Therefore, as shown in the previous

table, a special error message is given if an error occurs in one of these subroutines.

The number given in this error message corresponds to a number which has been set

into the subroutine in error. For example, before each call to ERROR in subroutine

COAFBN, ICOAFB=I, 2,3,. . is set; then, if the error message in ERROR says, THE
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ERROR IN COAFBN IS AT 2, the user need only look in subroutine COAFBN for the im-

plicit loop at which ICOAFB=2 was set. The same procedure can be followed in subrou-

tines COMIX and CODUCT, where the error indicators are ICOMIX and ICODUC, re-

spectively.
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APPEND_ E

COMPARISON WITH GENENG AND GENENG II

In addition to having transient capability, DYNGEN combines in one program the

steady-state capabilities of GENENG and GENENG II. The following list summarizes

the differences (apart from transient capability) between DYNGEN and those programs:

(i) In order to conserve storage, DYNGEN uses NAMELIST input rather than Huff

input. Only subroutine PUTIN needs to be modified to allow use of Huff input.

(2) Subroutine MAPBAC, which changes the independent variable, has been deleted.

Instead, subroutine SEARCH is used to extrapolate if values of CNHP, CNIP, or CNLP

are out of range for the turbine maps. Error messages are stillprinted on UNIT08 if

this occurs.

(3) Additional error messages have been added to COAFBN, CODUCT, and COMIX

(appendix D).

(4) Calculations may be performed in SI units.

(5) Unlike GENENG (but not GENENG If), LAFTBN=I will not automatically result in

IMCD=I. Similarly, IDBURN=I will not automatically result in IDCD=I.

(6) Unlike GENENG (but not GENENG If), subroutine FRATIO has been deleted. The

user must supply his own values of CVMNOZ and CVDNOZ. These values are single-

point inputs and not table lookups as in GENENG.
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APPEND_ F

SYMBOLS

A

A 8

a

E

AE

f()

(HP)ex t

h

Ah

I

M

N

AN

P

R

S

T

AT

t

At

U

V

_V

X

state matrix

main nozzle throat area, m 2 (ft 2)

coefficient

error variable

change in error variable

function

power extracted, W (Btu/sec)

enthalpy, J/kg (Btu/Ibm)

change in enthalpy, J/kg (Btu/Ibm)

polar moment of inertia, kg-m 2 (Btu-sec 2)

matrix of _Ei/_V j

rotor speed, rpm

change in rotor speed, rpm

pressure, N/m 2 (arm)

gas constant, J/kg-K (atm-ft3/Ibm-°R)

Laplace transform variable, I/sec

temperature, K (OR)

change in temperature, K (OR)

time, sec

time step, sec

specific internal energy, J/kg (Btu/Ibm)

independent variable in Newton-Raphson iteration

change in independent variable

component volume, m 3 (ft 3)

mass flow rate, kg/sec (Ibm/sec)

independent variable
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Y

Y

E

P

dependent variable

difference equation variable

parameter in difference equation

eigenvalue of differential equation

eigenvalue of difference equation

state matrix

Subscripts:

C compressor

f fuel flow

i integer

in into control volume

j integer

max maxi mum

min minimum

n integer

out out of control volume

r reference

T turbine

0 base value

Superscripts:

' denotes calculated quantity

* denotes quantity modified by dynamic terms

General symbols internal to program: Variables in program are formed by combining

these symbols.

Station numbers: See figures 1 to 11 for each type of engine.

Thermodynamic property symbols:

AM

FAR

H

P

Mach number

fuel-air ratio

enthalpy, J/kg (Btu/lbm)

total pressure, N/m 2 (atm)
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PS static pressure, N/m 2 (atm)

S entropy, J/kg-K (Btu/lbm-°R)

T total temperature, K (OR)

TS static temperature, K (OR)

U internal energy, J/kg (Btu/lbm)

V velocity, m/sec (ft/sec)

Componentsymbols:

afterburner

burner

inner compressor

combustor

fan duct

first or fan compressor

intermediate (middle) compressor

core nozzle

all but wing

nozzle

overboard

total

inner (high pressure) turbine

middle (intermediate pressure) turbine

outer (low pressure) turbine

wing (third stream) duct

wing (third stream)

Engine symbols:

bleed, kg/sec (lbm/sec)

A,AFT

B

C

COM

D

F

I

M

MAIN

NOZ

OB

T

THP

TIP

TLP

WDUCT

WING,WNG

BL

CN

DHT

DHTC

ratio of corrected speedto designcorrected speed

turbine delta enthalpy, J/kg (Btu/lbm)

turbine delta enthalpy (temperature corrected), (Hin -
J/kg- K (Btu/Ibm-°R)

Hout)/Tin,

167



DP

ETA

ETAR

HPEXT

PCBL

PCN

PR

TFF

WA

WF

WG

Z

pressure drop, AP/P

efficiency

ram recovery, P2/PI

power extracted, W (hp)

fractional bleed

percent of designshaft speed

pressure ratio

turbine flow function, kg-I/K-m2/N-sec

airflow, kg/sec (Ibm/sec)

fuel flow, kg/sec (Ibm/sec)

gas flow, kg/sec (Ibm/sec)

ratio of pressure ratios

Miscellaneous symbols:

A

ALTP

AM

BPRINT

BYPASS

C

CF

CS

CV

DEL

DOT

DS

DUM

FCOVFN

FFOVFN

FG

area, m 2 (ft 2)

altitude, m (ft)

Mach number of aircraft

bypass ratio (wing duct air/core air)

bypass ratio (fan duct air/air entering intermediate compressor)

when following component symbol, signifies "corrected"

when following component symbol, signifies "correction factor"

ambient speed of sound, m/sec (ft/sec)

nozzle velocity coefficient

delta degradation coefficient

time derivative

design value

dummy value

ratio of core thrust to net thrust

ratio of fan thrust to net thrust

gross thrust, N (lbf)
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FGM

FGP

FMOVFN

FN

FNOVFD

FRD

GU

ITRYS

LOOP

LOOPER

Pl

SFC

TOLALL

T1

VA

VJ

momentum thrust, N (lbf)

pressure thrust, N (lbf)

ratio of fan plus core thrust to net thrust

net thrust, N (lbf)

ratio of net thrust to design-point net thrust

ram drag, N (lbf)

initial or guessedvalues

number of loops through enginebefore quitting

variable counter

number of loops through enginecounter

standard pressure, N/m 2 (atm)

specific fuel consumption, kg/N-hr (lbm/lbf-hr)

tolerance on convergence

standard temperature, K (OR)

velocity of aircraft, m/sec (ft/sec)

jet velocity, m/sec (ft/sec)

Input symbols:

AFTFAN

ALTP

AM

AM6

AM23

AM55

A6

A8

A28

A38

CNHPDS

CNIPDS

CNLPDS

logical control for an aft-fan engine

altitude, m (ft)

Mach number of aircraft

design afterburner entrance Mach number

design ductburner entrance Mach number

design low-pressure-turbine exit Mach number

area of afterburner entrance (calculatedfrom AM6), m 2 (ft2)

main nozzle throat area (can be changed at off design), m 2 (ft2)

fan duct nozzle throat area (see A8), m 2 (ft2)

wing duct nozzle throat area (see A8), m 2 (ft2)

design corrected speed - inner turbine

design corrected speed - middle turbine

design corrected speed - outer turbine
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CVDNOZ

CVDWNG

CVMNOZ

DELFG

DELFN

DELSFC

DELTI

DPAFDS

DPCODS

DPDUDS

DPWGDS

DT

DTPRNT

D UMSP L

ETAA

ETAADS

ETABDS

ETACDS

E TAD

ETAFDS

E TAIDS

ETAR

ETHPDS

ETIPDS

ETLPDS

FAN

FXFN2M

FXM2CP

HPEXT
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nozzle thrust coefficient (duct)

nozzle thrust coefficient (wing)

nozzle thrust coefficient (core)

gross-thrust delta degradation multiplier

net-thrust delta degradation multiplier

specific-fuel-consumption delta degradation multiplier

correction to standard-day temperature, K (OR)

afterburner design pressure drop, Ap/p

combustor design pressure drop, Ap/p

duct design pressure drop, AP/P

wing duct design pressure drop, AP/P

solution time step for transients, sec

time step for output listings, sec

logical control for spool which does not change temperature or pressure of

air

afterburner efficiency (not required)

afterburner efficiency at design

combustor efficiency at design

inner-compressor adiabatic efficiency at design

ductburner combustor efficiency

front (outer) compressor adiabatic efficiency at design

intermediate (middle) compressor adiabatic efficiency at design

inlet pressure recovery (ram recovery), P2/PI

high-pressure-(inner) turbine design adiabatic efficiency

intermediate-pressure-(middle) turbine design adiabatic efficiency

low-pressure- (outer) turbine design adiabatic efficiency

logical control which indicates fan or turbojet

logical control for boosted fan

logical control for supercharged compressor

power extraction, W (hp)



IAFTBN

IAMTP

IDBURN

IDCD

IDES

ID UMP

IGAS MX

IMCD

INIT

ISPOOL

ITRAN

ITRYS

JTRAN

MODE

NOZ F LT

PCBLC

PCBLDU

PCBLF

PCBLHP

PCBLID

PCBLIP

PCBLLP

PCBLOB

PCNC

PCNCDS

PCNF

PCNFDS

index on afterburning desired

index on ram or inlet operation desired

index on ductburning desired

duct nozzle convergent-divergent when IDCD=I (design or off design)

index for design point; must be set equal to 1 to design engine; zeroed auto-

matically

index for dumping of error matrix

index for mixed-flow or non-mixed-flow turbofans

main nozzle convergent-divergent when IMCD=I (design or off design)

index for initializing guesses

number of engine rotors

index for initiating transients

index for maximum number of iterations

index which indicates a transient is in process

independent variable designator for engine operation

index for floating main or duct nozzle

ratio of compressor bleed to turbines to compressor airflow

ratio of compressor bleed leaked into fan duct to total compressor bleed flow

ratio of bleed from outer compressor to fan airflow dumped overboard (i. e.,

leakage)

fraction of PCBLC used for high-pressure (inner) turbine (cooling)

ratio of design value of air into wing to air into core; zero for two-stream

engine

fraction of PCBLC used for intermediate-pressure turbine (cooling)

fraction of PCBLC used for low-pressure (outer) turbine (cooling)

inner-compressor bleed compressor airflow (overboard for customer use)

inner-compressor shaft speed as a percent of design

design inner-compressor corrected speed as a percent of design

outer-compressor shaft speed as a percent of design

design outer-compressor corrected speed as a percent of design
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PCNI

PCNIDS

P MIHP

P MIIP

PMILP

PRCDS

PRFDS

PS55

P2

SI

TF

TFHPDS

TFrPDS

TFLPDS

TOLALL

T2

T4

T7

T24

T4DS

T7DS

VAFTBN

VCOMB

VCOMP

V FAN

VFDUCT

VHPTRB

VINTC

VIPTRB

172

intermediate-compressor shaft speed as a percent of design

design intermediate-compressor corrected speed as a percent of design

high-pressure-rotor polar moment of inertia, kg-m 2 (slug-ft 2)

intermediate-pressure-rotor polar moment of inertia, kg-m 2 (slug-ft 2)

low-pressure-rotor polar moment of inertia, kg-m 2 (slug-ft 2)

design inner-compressor pressure ratio

design outer-compressor pressure ratio

static pressure at low-pressure-turbine exit, N/m 2 (atm)

fan inlet total pressure, N/m 2 (atm)

logical control for SI or U.S. customary (English) units

final time for transient, sec

design inner-turbine flow function, kg-_/-K-m2/N-sec (Ibm-_-_-in.2/Ibf-sec)

design intermediate-turbine flow function, kg-_rK-m2/N-sec (Ibm-°_-R-in.2/

lbf-sec)

design outer-turbine flow function, kg-IJK-m2/N-sec (lbm-_FdR-in.2/lbf_sec)

tolerance on error matrix

fan inlet total temperature, K (OR)

combustor exit temperature, K (OR)

afterburner exit temperature, K (OR)

ductburner exit temperature, K (OR)

design combustor exit temperature,

design' afterburner exit temperature,

control volume associated

control volume associated

control volume associated

control volume associated

control volume associated

control volume associated

control volume associated

control volume associated

K (OR)

K (OR)

with afterburner, m 3 (ft 3)

with combustor, m 3 (ft 3)

with high-pressure compressor, m 3 (ft 3)

with fan, m 3 (ft 3)

with fan duct, m 3 (ft 3)

with high-pressure turbine, m 3 (ft 3)

with intermediate compressor, m 3 (ft 3)

with intermediate-pressure turbine, m 3 (ft 3)



VLPTRB

VWDUCT

WACCDS

WAFCDS

WAICDS

WFA

WFB

WFBDS

XNHPDS

XNIPDS

XNLPDS

ZCDS,_

ZFDS, t

ZIDS J

control volume associated with low-pressure turbine, m 3 (ft 3)

control volume associated with wing duct, m 3 (ft 3)

design inner-compressor corrected airflow, kg/sec (Ibm/sec)

design outer-compressor corrected airflow, kg/sec (ibm/sec)

design intermediate-compressor corrected airflow, kg/sec (Ibm/sec)

fuel flow rate to afterburner (IAFTBN=2 only), kg/sec (Ibm/sec)

fuel flow rate to main burner (MODE=2 only), kg/sec (Ibm/sec)

design fuel flow rate to main burner (MODE=2 only), kg/sec (ibm/sec)

high-pressure-rotor design speed, rpm

intermediate-pressure-rotor design speed, rpm

low-pressure-rotor design speed, rpm

design ratio of inner-compressor, fan-compressor, and middle-

compressor pressure ratios, respectively; equals pressure xatio at de-

sign point on design speed line minus value of pressure ratio at lowest

point on speed line, divided by high (surge) value minus low value of

pressure ratio on design speed line

Output symbols: I

A area, m 2 (ft2)

ALTP altitude, m (ft)

AM Mach number

BLC bleed flow out of compressor, kg/sec (Ibm/sec)

BLDU bleed flow into fan duct, kg/sec (ibm/sec)

BLF bleed flow out of fan (dumped overboard), kg/sec (Ibm/sec)

BLHP bleed flow into high-pressure turbine, kg/sec (ibm/sec)

BLI airflow into third stream, kg/sec (Ibm/sec)

BLIP bleed flow into intermediate-pressure turbine, kg/sec (ibm/sec)

BLLP bleed flow into low-pressure turbine, kg/see (Ibm/sec)

BLOB bleed flow lost overboard (customer bleed), kg/sec (Ibm/sec)

BPRINT ratio of airflow into wing duct to airflow into core

1Some symbols, such as T4, are followed by station numbers; see appropriate fig-

ure for each engine in order to determine station locations.
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BYPASS

CNC

CNF

C NHP

CNHPC F

CNI

CNIP

CNIPCF

CNLP

CNLPCF

CVDNOZ

C VDWNG

C VMNO Z

DHHPC F

DHIPCF

DHLPCF

DHTC

DHTCHP

DHTCIP

DHTCLP

DHTF

DHTI

DPAFT

DPCOM

DPDUC

DPWING

E TAA

174

ratio of airflow into fan duct to airflow into intermediate compressor

corrected shaft speed - inner compressor

corrected shaft speed -fan

corrected shaft speed - high-pressure turbine

corrected speed -high-pressure-turbine correction factor

corrected shaft speed - intermediate compressor

corrected shaft speed -intermediate-pressure turbine

corrected speed - intermediate-pressure-turbine correction factor

corrected speed - low-pressure turbine

corrected speed - low-pressure-turbine correction factor

velocity coefficient of fan nozzle

velocity coefficient of wing nozzle

velocity coefficient of core nozzle

high-pressure-turbine delta enthalpy correction factor

intermediate-pressure-turbine delta enthalpy correction factor

low-pressure-turbine delta enthalpy correction factor

work done by high-pressure turbine, J/kg (Btu/lbm)

enthalpy change temperature corrected - high-pressure turbine, J/kg-K

(Btu/lbm-°R)

enthalpy change temperature corrected - intermediate-pressure turbine,

J/kg-K (Btu/lbm-°R)

enthalpy change temperature corrected - low-pressure turbine, J/kg-K

(Btu/lbm-°R)

work done by low-pressure turbine, J/kg (Btu/lbm)

work done by intermediate-pressure turbine, J/kg (Btu/lbm)

(AP/P)afterburner

(AP/P)combustor

(AP/P)fan duct

(Ap/P)wing duct

afterburner efficiency



ETAB

ETABCF

ETAC

ETACCF

ETAD

ETAF

ETAFCF

ETAI

ETAICF

ETATHP

ETATIP

ETATLP

ETHPCF

ETIPCF

ETLPCF

FAR

FCOVFN

FFOVFN

FG

FGM

FGMWNG

FGP

FGPWNG

FMNOFN

FN

FNMAIN

FNOVFD

FNWING

FRD

FWOVFN

combustor efficiency

combustor efficiency correction factor

inner- compressor adiabatic efficiency

inner-compressor efficiency correction factor

ductburner efficiency

fan adiabatic efficiency

fan efficiency correction factor

intermediate-compressor adiabatic efficiency

intermediate-compressor efficiency correction factor

high-pressure- turbine adiabatic efficiency

intermediate-pressure- turbine adiabatic efficiency

low-pressure-turbine adiabatic efficiency

high-pressure-turbine efficiency correction factor

intermediate-pressure-turbine efficiency correction factor

low-pressure-turbine efficiency correction factor

fuel-air ratio

ratio of core thrust to net thrust

ratio of fan thrust to net thrust

gross thrust, N (lbf)

momentumthrust of all but wing, N (lbf)

momentumthrust of wing, N (lbf)

pressure thrust of all but wing, N (lbf)

pressure thrust of wing, N (lbf)

ratio fan thrust plus core thrust to net thrust

net thrust, N (lbf)

net thrust of all but wing, N (lbf)

ratio of net thrust to design-point net thrust

net thrust of wing, N (lbf)

ram drag, N (lbf)

ratio of net wing thrust to net thrust
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HPEXT

P

PCBLC

PCBLDU

PCBLF

PCBLHP

PCBLI

PCBLIP

PCBLLP

PCBLOB

PCNC

PCNF

PCNI

PRC

PRCCF

PRF

PRFCF

PRI

PRICF

PS

SFC

T

T3DS

T21DS

T22DS

TFFHP

TFFIP

TFFLP
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power extracted, W (hp)

total pressure, N/m 2 (atm)

fraction of compressor exit air bled for cooling or lost to cycle

fraction of bleed air out of compressor which leaks into fan duct

fraction of fan exit airflow lost overboard

fraction of compressor bleed air put into high-pressure turbine

fraction of intermediate-compressor air which goes into third stream

fraction of compressor bleed air put into intermediate-pressure turbine

fraction of compressor bleed air put into low-pressure turbine

fraction of bleed air out of compressor lost overboard

inner-compressor shaft speed as percent of design

fan-compressor shaft speed as percent of design

intermediate-compressor shaft speed as percent of design

pressure ratio of inner compressor

pressure-ratio-of-inner-compressor correction factor

pressure ratio of fan

pressure-ratio-of-fan correction factor

pressure ratio of intermediate compressor

pressure-ratio-of- intermediate- compressor correction factor

static pressure, N/m 2 (atm)

specific fuel consumption, kg/N-hr (lbm/lbf-hr)

total temperature, K (OR)

design exit temperature of inner compressor, K (OR)

design exit temperature of intermediate compressor, K (OR)

design exit temperature of fan, K (OR)

high-pressure-turbine flow function, kg-_/K-m2/sec-N (lbm-yr0-R-in.2/

sec-lbf)

intermediate-pressure-turbine flow function, kg- _/-K- m2/sec-N-

(i0 m- yr6-R_ in. 2/s ec- Ibf)

low-pressure-turbine flow function, kg-_/K-m2/sec-N (ibm-_]-b-R-in.2/
k

s ec- lbf}
/



TFHPCF

TFIPCF

TFLPCF

TIME

V

VA

VJD

VJM

VJW

WA

WAC

WACC

WACCF

WA3 CDS

WACI

WAD

WAF

WAFC

WAFCF

WAI

WAIC F

WFA

WFB

WFD

WFT

WG

WGT

ZC

ZF

Zl

high-pressure-turbine flow function correction factor

intermediate-pressure-turbine flow function correction factor

low-pressure-turbine flow function correction factor

time, sec

velocity, m/sec (ft/sec)

velocity of aircraft, m/sec (ft/sec)

fan duct exhaust velocity, m/sec (ft/sec)

core exhaust velocity, m/sec (ft/sec)

wing duct exhaust velocity, m/sec (ft/sec)

airflow, kg/sec (ibm/sec)

inner-compressor airflow, kg/sec (Ibm/see)

inner-compressor corrected airflow, kg/sec (ibm/see)

inner-compressor corrected airflow correction factor

corrected airflow in combustor at design, kg/sec (lbm/sec)

intermediate-compressor corrected airflow, kg/sec (Ibm/see)

fan duct airflow, kg/sec (ibm/see)

fan airflow, kg/see (Ibm/see)

fan corrected airflow, kg/sec (lbm/sec)

fan corrected airflow correction factor

intermediate-compressor airflow, kg/sec (lbm/sec)

intermediate-compressor corrected airflow correction factor

fuel flow rate to afterburner, kg/sec (Ibm/see)

fuel flow rate to combustor, kg/sec (Ibm/see)

fuel flow rate to ductburner, kg/sec (Ibm/see)

total fuel flow rate, kg/sec (ibm/see)

gas flow rate, kg/sec (Ibm/see)

total gas flow rate, kg/sec (lbm/sec)

ratio of inner-compressor pressure ratios

ratio of fan pressure ratios

ratio of intermediate-compressor pressure ratios
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Control system symbols (figs.

A8MIN

EACL

EXNL

MAX

MIN

PCNFDM

PHI

P3M

P3QP2D

T21M

WFBACL

WFOP3L

WFOP3U

XNHM

XNHP

XNLDEM

XNLM

XNLP

YF

YFACL

YFB

YFDOT

18and 20):

minimum main nozzle throat area, m2 (ft 2)

acceleration error

speederror

function whose output is equal to largest input

function whose output is equal to smallest input

commandedrotor speed, percent

outputof acceleration schedule, kg-m2/N-sec (lbm-in.2/lbf-sec)

sensed P3, N/m 2 (atm)

commandedcompressor pressure ratio

sensed T21, K (OR)

acceleration fuel flow, kg/sec (lbm/sec)

lower limit on WFB/P3, kg-m2/N-sec (lbm-in.2/lbf-sec)

upper limit on WFB/P3, kg-m2/N-sec (lbm-in.2/lbf-sec)

sensed core speed, rpm

core speed, rpm

commanded fan speed, rpm

sensed fan speed, rpm

fan speed, rpm

metering valve position

metering valve position for accelerations

metering valve position feedback

time derivative of metering valve position
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TABLE I. - COMPONENT MAP SPECIFICATION

[DYNGEN is supplied with storage locations and dummy maps for all components.

The user may supply maps for a particular engine and leave the maps for un-

used components in the simulation. 1

Engine

configu-

ration

a

b

2
c

d

e

f

g2

h

i

J
k

BLKFAN

Yes

BLKINT

Yes

r
No

Yes

Yes

No

Yes

No

No

Component map I

BLKCMP CMBDAT HPTDAT

Yes Yes Yes

IPTDAT LPTDAT

NoNo

Yes Yes

No

No

Yes

No

Yes

No

No

Yes i

No

No l'

IA "Yes" entry means that component map must be specified. A "No" entry

means that component map need not be specified and storage space may be

deleted. However, if storage space is not deleted and BLOCK DATA are

supplied for components which are not used, calculations are not affected.

2Engine configurations c and g (figs. 3 and 7) have intermediate and core

compressors physically attached. Combination is driven by intermediate-

pressure turbine. Calculation bypasses routine which calculates high-

pressure-turbine performance but transfers turbine performance data from

this routine into that of intermediate-pressure turbine to represent turbine

performance. Since intermediate-pressure turbine speed is set by speed

of intermediate compressor, which also sets speed of combined compressors,

this procedure is necessary. In these cases, COIPTB uses COMMON..

HTURI3/, which is high-pressure-turbine data.
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TABLE III. - PROGRAM INDICES

Features I Purpose

I 2 3 4

X Off-design case

X Design-point case

X X Specify T4

X Specify PCNC

X X Specify WFB

X Specify PCNF

X X Will call GUESS

X X Will not call GUESS

X X Will not print stored messages

X X Will print stored messages alter errors

X X Will print stored messages after every point

X X

X X

X X

X X

X X

X X

X Separate flow, input AM6

X Separate flow, A6 - A55

X Mixed flow, A6 = A25 + A55

X Mixed flow, input AM6

NO ducthurning

Ductburning, input T24

Ductburning, input WFD

No afterburning

Afterburning, input T7

Afterburnlng, input WFA

Convergent duct nozzle

Convergent-divergent duct nozzle

Convergent main nozzle

Convergent-divergent main nozzle

A9 and A29 are held constant

A9 will be set for fully expanded flow

A29 will be set for fully expanded flow

A9 and A29 will be set for fully expanded flow

Number of iterations before calling ERROR

Tolerance which errors must satisfy for convergence

Input and output in SI units

Input and output in English units

A steady-state point

The initial condition for a transient

Name Value

IDES 0

1

MODE 0

I

2

3

IN IT 0

1

IDUMP 0

I

2

IAMTP O

1

2

3

4

5

IGASMX -I

0

I

2

LDBURN 0

1

2

IAFTBN 0

I

2

IDCD 0

i

IMCD 0

I

NOZFLT 0

1

2

3

ITRYS N 2

SI T

F

ITRAN 0

1

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

r'

X

X

X

X

X

X

11 - Automatically returns to zero after each point.

2 - Can be used for design or off design.

3 - Value remains as input unless changed by new input.

Input AM, ALTP; military-specification ETAR will be used

Input AM, ALTP, ETAR

Input AM, ALTP, DELT1; military-specification ETAR wilt be used

Input AM, ALTP, P2

Input P2, T2

Input AM, ALTP; ETAR schedule stored in RAM2

4 - A setup case must be run where all components are matched; then the identical case can be run using

these options.

2User-specified value; default value is 0

3User-specified value; default value is 0.



Variable

ITRYS ...............

TOLALL ...............

INrr ...............

MODE ...............

T4 K (OR)

PCNC ...............

WFB kg,/sec (Ib m/sec)

PCNF ...............

ID U MP ...............

IAMTP ...............

ALTP rn (It)

AM ...............

ETAR ...............

DELTi ...............

P2 N/'rn 2 (atm)

T2 K (OR)

IDCD ...............

IMCD ...............

NOZFLT ...............

IDBURN ...............

T24 K (OR)

WFD kg/sec (Ibm/set)

TABLE W. -INPUTS FOR OFF-DESIGN POINTS

Units or type Definition Variable

Index for maximum number of iterations ETAD ...............

Tolerance on error vector LAFTBN ...............

index for initializing point T7 K (°H)

Independent variable designator I WFA kg/sec (Ibrn/sec)

Turbine inlet temperature I DELFG ...............

Compressor speed l DELFN ...............

Cornbustor fuel flow I DEI_SFC ...............

Fan speed I CVDNOZ ...............

Index for dumping program messages CVMNOZ ...............

Index on ram or inlet operation 2 CVDWNG ...............

Altitude 2 A6 rn2 (it 2 )

Math number 2 A38 m 2 (ft 2)

Inlet pressure recovery 2 A8 rn2 (it 2)

Correction to standard-day temperature 2 A28 m 2 (It 2)

Fan inlet total pressure 2 HPEXT W (hp)

Fan inlet total temperature 2 PCBLC ...............

Index for converging-dlverging duct nozzle 3 PCBLDU ...............

Index for converging-diverging nmin nozzle 3 PCBLOB ...............

Index for floating nozzle exit area 3 PCBLHP ...............

Index for ductburnlng 4 PCBLIP ...............

Ductburner exit temperature 4 PCBLLP ...............

Ductburner fuel flow 4 PCBLF ...............

Units or type Definition

Ductbur net efficiency 4

5
Index for afterburning

Afterburner exit temperature 5

Afterburner fuel flow 5

Correction factor on gross thrust

Correctio_l factor on net thrust

Correction fact,)r nn specific fuel consumption

Duct nozzle thrust coefficient

Main nozzle thrust coefficient

Wing nozzle thrust coefficient

Afterburner entrance area

Wing nozzle thrnat area

Main nozzle throat area

Duct nozzle throat area

Power extracted from high-pressure turbine

Fraction of compressor airflow' removed as bleed S

Fraction of bleed going to fan duct 6

Fraction of bleed lost overboard 6

Fraction of bleed going to high-pressure turbine 6

Fraction of bleed going to intermediate-pressure turbine 6

Fraction nI bleed going to low-pressure turbine 6

Fraction of fan airflow lost to cycle 6

1Four basic options are available for specifying off-design operating points: MODE::0, specify T4; MODE _1, specify PCNC; MODE 2, specify WFB; MODE :3,

specify PCNF.

21AMTP determines which inlet variables are to be specified, The following options are available: IAMTP=0 - User specifies ALTP and AM; standard-day T1 and

Pl and military-specification ETAR will be calculated. LAMTP=I - User specifies ALTP, AM, and ETAR; standard-day T1 and Pl will be calculated,

[AMTP:2- User specifies ALTP, AM, and DELTI; rnilitary-speclilcation ETAR will be calculated; standard-day Pl will he used; DELTI will beadded to

standard-day TI. IAMTP 3 - User specifies ALTP, AM, and P2; ETAR and standard-day TI will be calculnted. IAMTP 4 - User specifies T2 and P2.

IAMTP=5 - User specifies ALTP and AM; ETAR is calculated from user-supplled table of ETAR as a function of AM located in subroutine RAM2; standard-day

Pl and TI are calculated.

3If IDCD=I at design point, A29 will automatically be calculated to obtain fully expanded flow. However, to recalculate A29 for an off-design point. NOZFLT must

be set equal to 2 or 3 in addition to specifying IDCD--I. Similarly, IMCD_ l at design point means A9 will be calculated to obtain fully exl)anded flow; but to re-

calculate A9 for an off-design case, NOZFLT must be set equal to I or 3 in addltion to specifying I/vICD:I. If NOZFLT 0, A9 and A29 will retain their previous

values.

4The following options are available for ductburning: IDBURN=0, no ductburning; [DBURN :l, specify T24; [DBURN=2, specify WFD. If II)BURN-d or IDBURN: 2 is

to be used, the user must also specify a value for ETAD. No parameters other than T24, WFD, and ETAD nmy be changed while running a ductburning case,

unless program is in transient (ITRAN I] mode. This restrictinn is necessary becausep in steady-state mode. DYNGEN recalculates A28 to nlaintain operating

point which was established in case immediately previous to ductburning case.

5The following options are available for afterburning: IAFTBN=fl, no afterburning; IAFTBN I, specify T7; IAFTBN :2, specify WFA. The user need not specify

a value for ETAA since it is calculated automatically, No parameters other than T7 or W}A may be changed while running an afterburning case, unless program

is in transient [[THAN 1) mode. This restriction is necessary because, in steady-state nlode, DYNGEN recalculates A8 to maintain operating point which was

established in case immediately previous to afterburning case.

6Bleed distribution in engine is g ver ted by following equations:

where BLF is fan flow lost overboard.

BLF : PCBLF.WAF

BLC :: PCBLC*WAC

where BLC is compressor bleed flow, which is distributed as foliows:

BLDU PCBLDU*BLC

BLOB PCBLOBoBLC

BLHP PCBLHP*BLC

BLIP PCBLIP*BLC

BLLP = PCBLLP*BLC

PCBLDU + PCBLOB _ PCBLHP + PCBLIP + PCBLLP must equal I to maintain conservation of flow.
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U[/._ -- /_ High-pressu re turbine

36, 37 38_39//
/ /- Intermediate-pressu re turbine

Intermediate Ductburner -, / / .

Combustor_,
J _HHb.X,I // / /compressor = JBLI J " , __. / / /- Low-pressu re tu rbme

// BLC

L_JL__J) / -
C°mp ress°r _/ /

BLF Afterburner j

BLOB

Figure 1. - Three-spool, three-stream turbofan engine (type a).
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Combustor_ \ HPEXT A ,I /-Low-pressure turbine

// BLLP /

--@// // --/

Compressor -/ _ -/ /

BLF _, /
Afterburner

BLOB

Boosted fan

Figure 2. - Two-spool, three-stream boosted-fan engine (type hi.
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Supercharged

compressor

I

36, 37 3_'- _'39

,- Intermediate-pressureturhine
• Ductburner /

_Combustorf ,HPEXT / ,- Low-pressure turbine rAfterburner

\ _.¢ , / i ,_ --

\, 23 ,_ 24 , / 25 i_
\

28 29
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6<<7 8 9

<

_J_BLLP

BLOB

Figu re 3. - Two-sl_ol, th ree-stream, supercharged-compressor engine (type cL

Inner
Ductburner -,

Intermediate compressor _\ ,, _

compressor-_ \\ Combustor= \ \ A

_. . ,,,,

\
\\ \

\ \ ', z3'< z4\ I I\ \ , < ',11
22 21 4

BLC I

_BLDU

r-Inter mediate- pressu re turbine
/

,High-pressure turbine / FLow-pressure turbine
/ /
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/ i I

/ , 25
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1I
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BLLP /
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/

/

Afterburner -_BLF

BLHP BLIP

v

28 29
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8 9

v

Figu re 4. - Th ree-spool, two-stream engine (type d).
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High-pressu re tu rbi ne-
Ductburner-, \_

Combustor_ \ \
\ \

k <_ \\22,21 23 _ 24
\

2 Fan 22,21 Compressor _ 4

BLC L_BLD U
BLF

BLOB

HPEXT f- Low-pressu re turbine
/

25
/

i
i

i

55 6 7

/

BLLP /
/
/

"" __/ Afterburner Jz

Figure 5. - Two-spool, two-stream turbofan engine (type e).
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f/"- ....... ;-Intermediate-pressure turbine

I_,, I i-.gn-pressure _urmne _ / , ,-Low-pressure turbine
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, < _-\I 1 ,_ I IG______ ,_ :
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CompressorJ L BLHJJ__ Fa_n __ner

BLOB

Figure 6. - Three-spool, three-stream, aft-fan engine (typef).
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_I 36, 37 3Z \39
_H3XT fLF / Low-pressuretu rhine

High-pressureturhine-,\II. Fanljj'" < T\
Combustor-_ \\ I11 2 !2// 23< 24 25 28 29

I 132j , ', x I I I/

B Fan I IBLLP ABLDU < X\

i J] f,',-
-- _-----_---'{-'/ I L Aflerbur ner

V BLOB buctburnerJ

Figure I. - Two-spool, three-stream, aft-tan engine (type g).
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 'CLc ou 'or
Bt.OB

Figure 8. - Two-spool,two-streamaft-fan engine(type h).
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Figure 9.-Three-spool, two-stream aft-fan engine (type i).
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P2 P3 P4 P7
C°mpress°r I [ C°mbust°r 1 l Turbine I I

T2 T3 T4 T7
Wc V+4 WT

Nozzle

w8

Guessedvariables. Vi

Speed, N

Compressorpressure ratio. P3/P2

Turbine flow function, &4j_A/P4,,.t

Error variables, Ei

Power,vvc Ah C -WT Z_JIT

Turbineflowfunction,(*4V-I_4/P4)-(W4_/P4)

Nozzlepressure,P7 - P'/

Figure 12. - Steady-stateengine calculations for a turbojet.

C_

13-

-- Constantcorrected speed, CN

--- Constant efficiency, ETA

/,-High pressure ratio, PRhigh _ -, --,-

/-Design pressure ratio, PRdes .j_._j f ___es_gn X \

( __ , /

\"-Low pressure ratio, PRlow

Corrected airflow, WAC

Figure 13. Exampleof specificfan-compressor map. Z = (PRx - PRiow)/(PRhigh - PRiow).
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Figure 14. - Exampleof combustor map.
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Constant turbine flow function. I'FF

Constant efficiency, ETA

// // / \
/// //// / -- _Deslgnpoint \

y ///J _'_....
/ / ,b," /4--"-/

/

Corrected speed, CNI

Figure 15. - Exampleof specific turbine map.
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Ratioof fuel-air ratio to design fuel-air ratio

(a) Generalized afterburner combustion efficiency as function of
fuel-air ratio.

1.0 4.0

Ratio of afterburner inlet Mach number to design
afterburner inlet Mach number

(b) Efficiency correction factor as function of afterburner
Inlet Mach number.

1
LO

Ratlo of afterburner inlet total pressure to design afterburner
inlet total pressure

(c) Efficiency correction factor as function of afterburner
inlet total pressure.

Figure 16. - Exampleof generalized afterburner combustion efficiency performance map.
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Figure 11. - Response of three-spool turbofan to fuel flow step.
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Figure 20. - Afterburning turbojet control system.
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